¥ 


THE 


ASTROPHYSICAL JOURNAL 


AN INTERNATIONAL REVIEW OF SPECTROSCOPY 
AND ASTRONOMICAL PHYSICS 


VOLUME XXIV DECEMBER 1 906 NUMBER 5 


A SPECTROSCOPIC INVESTIGATION OF DR. G. URBAIN’S 
PREPARATIONS OF TERBIUM? 


By G. EBERHARD 


Although terbium was discovered as early as 1843, no one of the 
many chemists who have occupied themselves with its production have 
succeeded until recent years in obtaining a preparation that is even 
tolerably pure, from which the chemical properties and the spectrum 
of terbium could be studied. As we know today, Mosander, the dis- 
coverer of this element, had at most only from 1 to 2 per cent. of ter- 
bium in the substance which led him to the discovery; and the only 
thing that he could establish was that terbium formed a dark “super- 
oxide” which strongly colored the other earths, which could be reduced 
on heating in a current of hydrogen. 

The reasons for the failure of these attempts at isolation lie in the 
fact that terbium belongs to those rare elements which never occur 
except in excessively small quantities, and that its separation is even 
today one of the most difficult problems in the chemistry of the rare 
earths. 

Under these circumstances it is not surprising that many chemists, 
and among them Bunsen, doubted the existence of terbium, and the 
contention lasted for many years, until finally its existence was con- 
clusively demonstrated. 


t Translated from advance proofs of a paper appearing in the Sitzungzberichte 
der Kgl. Akad. der Wiss., Berlin, 1906, p. 384. 
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Undoubtedly the greatest advance was made by Lecoq de Bois- 
baudran and Demarcay. Lecogq had a few centigrams of the prepara- 
tion, at least fairly rich in terbium, since he succeeded in finding the 
faint absorption band at A 488 we, but he was not in a position to 
adequately separate his preparation from the related earths. He 
further did not recognize that he was dealing with terbium, but thought 
he had found a new element (Zé). Later Demargay' had a terbium 
of similar properties in which, independently of Lecoq, he found the 
band at A 488, and was even able to give several lines of the spark 
spectrum. He also believed that he had found a new element (I). 
These two chemists are indeed the only ones who attained a fairly 
strong concentration of terbium in their preparations. 

The Parisian chemist, Dr. G. Urbain,? was the first to succeed in 
actually isolating this interesting substance, after he had carried on 
for several years continuous fractionations by new methods which he 
invented, and obtained 7 grams of the costly substance in very great 
purity. He was able at the same time to furnish the chemical proof 
that his preparation represented a single element, that this was iden- 
tical with Mosander’s terbium and had an atomic weight of 159.2. 
The only thing lacking for a complete description of this element was 
the accurate investigation of its spectrum, by which alone an element 
is characterized in a wholly unambiguous way, along with its chemical 
properties. The investigation of the spectrum is of the highest impor- 
tance, particularly in the case of the rare earths which possess such an 
uncommon similarity in their chemical characteristics. Frequently 
observers have thought they had found new elements when they were 
actually dealing only with mixtures of several of these so closely 
related substances. Furthermore, the spectroscopic investigation 
alone can settle what related elements of this group are contributing 
impurities, and whether the amount of the impurity is so low that the 
preparation can be regarded as chemically pure. For this reason 
spectrum analysis has since its foundation stood in the closest rela- 
tion to the chemistry of the rare earths, and exact results have been 
obtained only by the co-operation of the chemist and the spectro- 


t Comptes Rendus, 131, 387, 1900. 
2 Ibid., 139, 736, 1904; I4I, 521, 1905. 
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scopist, as Kayser’ has so aptly shown in the introduction to his paper 
on the spectrum of yttrium. 

Dr. Urbain then requested me to complete the researches in this 
direction, and, thanks to the numerous and exceedingly valuable 
preparations which he put at my disposal, the present research could 
be carried out and the proof furnished, with all the precision desired, 
that we were concerned with an actual element. In spite of the very 
great purity of Urbain’s preparations, the work could be executed 
with the prospect of success only by the spectroscopic investigation of 
a large number of its fractionations, in addition to terbium itself, as 
well as of its related elements, inasmuch as no previous spectroscopic 
investigations were available (with exception of the eight spark lines 
given by Demargay), and indeed under the circumstances such inves- 
tigations could not exist. As a matter of fact, Messrs. Exner and 
Haschek, after the investigation of a whole series of fractionations 
of the yttrium earths, expressed the opinion that terbium does not 
exist.2. This investigation was greatly simplified by the fact that 
Urbain succeeded in producing, in an adequate degree of purity, 
dysprosium, which follows terbium and which hitherto had never 
been produced, and was only known by a few absorption lines. Thus, 
it has now been possible to follow the behavior of the terbium lines 
from their appearance (in gadolinium) to their disappearance (in 
dysprosium).3 

For photographing the spectra I employed a concave grating spec- 
trograph4 of the Astrophysical Observatory at Potsdam, which made 
it possible to obtain with a single exposure on a film (mounted on a 
stiff celluloid foundation) the second order spectrum from A 2200 to 


t “Die Bogenspektren von Yttrium und Ytterbium,” Anhang zu den Abhand- 
lungen d. K. Preuss. Akad. d. Wiss., 1903. 

2 Bogenspektren der Elemente, 1. p. 19. No criticism should be made of these 
gentlemen on that account, for they had at their service inadequately differentiated 
fractionations, and too impure preparations. For instance, their “holmium” con- 
sisted of gadolinium, terbium, dysprosium, neoholmium, yttrium, and erbium. 

3 Before this investigation was concluded, Dr. Urbain sent me a series of the 
purest preparations of dysprosium, designated as Dy 31, 35, 38, 41, of which Dy 41, 
which I have already partially investigated, contains very faintly only a few of the 
very strongest terbium lines. 

4A description of this apparatus may be found in the Zeitschrift jiir Instrumen- 
tenkunde, 25, 371, 1905. 
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AX 4700. On account of the excessive cost of the preparation, only 
very small quantities were available, for which reason it would be 
undesirable to make several exposures for the different regions of 
the spectrum. The substances in the form of oxides were vaporized 
on carbon rods which had previously been thoroughly heated, with 
a current-strength of about 15 amperes at 120 volts. Iron served 
as comparison spectrum, but in order to eliminate any changes in the . 
apparatus between the two exposures, a very small quantity of the 
substance under investigation was vaporized on the carbon crater 
simultaneously with the iron. Then, if there were any small dis- 
placements of the spectrum with reference to the comparison spec- 
trum, such as might be due to slight changes of temperature, this 
could be determined by the measurement of the lines common in the 
two strips of spectrum, and hence they could be made harmless. The 
films were laid between sheets of optically plane glass, and measured 
on machine No. 4 of this Observatory, the screw of which has no 
periodic errors, as has been shown by an investigation by myself 
and Dr. Miinch. The progressive errors, which were also determined, 
run very smoothly and are small. 

I have employed the values given by Exner and Haschek for the 
wave-lengths of the iron lines, for the following two reasons. Too 
small a number of the decidedly more accurate wave-lengths of the 
iron lines by Kayser are available for an investigation in which the 
lines are needed at small intervals, so that, unfortunately, I could 
not employ them. Furthermore, the wave-lengths of the terbium 
lines ought to be referred as closely as possible to the system of Exner 
and Haschek, since the tables of wave-lengths by these gentlemen 
are at present the only complete ones, and they deservedly have found 
a very wide circulation. It is true that the accidental errors in the 
values of Exner and Haschek often reach several hundredths of an 
Angstrém unit, but I hope that I have made myself somewhat inde- 
pendent of these by the use of a great number of lines, and by a 
graphical correction of their wave-lengths. The precision of the 
wave-lengths of the terbium lines as given below is the same as that 
of the measurements of Exner and Haschek. 

Dr. Urbain placed at my disposal the following preparations: 
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A. Gadolinium.—(1) Entirely pure gadolinium from the minerals 
monazit and xenotin. 

(2) A number of gadolinium fractionations from europium to 
terbium. The oxide of the last of these (Gd 37) is of faint yellow 
color and gives the strongest terbium lines quite conspicuously. 

B. Terbium.—(1) ‘‘ Nitrates doubles de Ni. Gd-Tb (14).” The 
oxide which was strongly yellow already shows all of the strong 
terbium lines and those of medium strength. 

(2) “Zé...” The dirty dark yellow oxide already gives all the 
terbium lines along with those of gadolinium. 

(3) “Zé... The oxide is almost black with a touch of reddish- 
brown. It is an almost pure terbium, but it still yields the strong 
lines of gadolinium in the arc. 

(4) “Zé,” and (5) “Zé,.” The oxides are almost black with a 
faint touch of the reddish-brown. The spectrum is essentially that 
of terbium. 

(6) “Tb-Dy 7, 8, 9.” The oxides are of the dirty dark yellow. 
All the lines of terbium and almost all those of dysprosium are present. 
The three fractionations show only very small differences. 

C. Dysprosium and neoholmium.—(1) ‘Queues du fractionnement 
des ethylsulfates de Tb; traces Ho, tres-riches Dy” (Q). The oxide 
is of a dirty bright yellow color. The lines of dysprosium here appear 
in full number, and faintly those of terbium. 

(2) “Terres riches en Ho, pauvres en Dy, riches en Y. Fraction 
(4-5)” (Ho). The oxide is white with a faint touch of yellowish. 
The spectrum contains essential lines of yttrium, the strong lines of 
neoholmium and the stronger lines of dysprosium. 

(3) “Dy 31, 35, 38, 41.” The oxide is of a faint dirty yellow. 
Dy 41 is a pure dysprosium. 

Complete measurements vere made of the following photographs 
of these preparations: Z6,, Z6., Z6,, Tb-Dy 8, Q, with a total of 
10,300 lines beside 2000 iron lines. Subsequently I also worked upon 
the greater part of Dy 41 . Some single lines were measured in all 
fractionations. All of the plates, measurements and reductions were 
made exclusively by myself. 

The material yielded by these measures I have critically discussed 
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in order to obtain certainty as to the impurities. First, with the aid 
of the tables of Exner and Haschek, those lines were eliminated which 
were due to elements not belonging to the group of rare earths. This 
included the lines coming from the carbon rods, particularly Ba, Ca, 
Al, and Si. It is probable that the lines of the different band spectra 
of carbon were not fully eliminated, but I believe that only the fainter 
ones are left in the tables, since during the measurement all the 
stronger ones could be recognized by comparison with the control 
spectrum in which they also occurred, and they could be left out. 
The ultra-violet cyanogen bands confused the image of the spectrum 
considerably, and they certainly suppressed or concealed some of the 
fainter lines of terbium in these regions. Of the other elements we 
should particularly have expected Pt, Ni, Bi, and Mg, which might 
have crept in during the fractionation; but the preparations proved 
to be entirely free from these elements. The same was true of the 
rare earths Ce, La, Pr, Nd, Sa, Eu. Gadolinium was the first element 
whose lines appeared. Since Messrs. Exner and Haschek dealt in 
their investigations with gadolinium from Demarcay, I sought out 
the impurities on the basis of those tables, and employed my own 
photographs of Urbain’s preparations only in isolated cases.". I have 
collected in Table I all the stronger lines of gadolinium which did 
not coincide with terbium lines, and I give the intensities (1) which 
they had on the spectra I measured. 

It appears from this table that Q is wholly free from gadolinium, 
and Tb-Dy 8 practically so, while Z6, only contained very slight 
traces. 

For eliminating the lines of yttrium I have employed the tables of 
Kayser and those of Exner and Haschek, and give the results in 
Table II. I would particularly point out that, according to this, 
yttrium is certainly lacking in Z6,, Z8,, and Zé,. All the yttrium 
lines are also absent from Dy 41. 

For hunting down the lines of the other yttrium earths I have been 
completely dependent on my own researches, since all the preparations 
used by Exner and Haschek were very complicated mixtures; indeed, 


t I have not been able to find the strong gadolinium line \ 4063.62 (20) of Exner 
and Haschek’s tables. On my plates there are at this point the two lines \ 4063.54 
(4) and \ 4063.76 (2). 
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in the case of some of them (erbium, thulium, and ytterbium) the 
question of their elementary character is still doubtful. Fortunately 
Urbain had succeeded in isolating dysprosium, so that by the meas- 
urement and provisional tabulation of the dysprosium spectrum I 
was able to select at least those lines which most particularly come 
into consideration as impurities. Provisional values of the wave- 
lengths and intensities of the stronger dysprosium lines are contained 
in Table III, in so far as they did not coincide with terbium lines, 
and the intensities of these lines in the terbium preparations are again 
given with them.’ 


TABLE I 
A I 28s | Zé, Tb-Dy8 | Q A I | Zs | Z, | Tb-Dy8| Q 
| 
3027-74 | 6 || 3814.18 | 10] 3 
3100.66 | 10] 6} o || 50-85 | 8| 
3350.63 8; 6| 2 ° | 8| 1 
3418-87 8 3 | ie | 6 
22.62 2 04- 3 
39:37 | 8| 3 || 3910-70 | 10) 5 | 1 
40.13 5 | 4037 -49 3 
1.49 4 39 -03 3 
3545-94 | 10| 3| | 49-59 8| 4 
85.12 10 | 3 | 50.05 10 | 
3646.36 1 4 | 63.62 | 20 
2 10 
3] 10 | 4 
64.78 Si sie 98.80 I ° 
71.39 10 3 | 4212.16 8 4 
43- Io} 3 2.24 10 ° 
68 .60 20 7 4327.29 10 6 
96.62 10 2 42.35 10 3 
TABLE II 
EXNER AND HASCHEK I (EBERHARD) EXNER AND HascHEK I (EserHarp) 
A I Zs | Z, Db-Dy8 A I | Db-Dy8 
3600.91 10 o? 4177-74 30 
3710.48 20 I 4309.81 20 
3774-52 20 4375 -12 5° 
3788 .88 30 2 4398.25 20 
4077.54 20 4422.81 10 
4102.57 20 


« For the purpose of comparison I have added Exner and Haschek’s wave-lengths 
and intensities in the spectrum of “holmium,”’ which appear to belong to dysprosium. 
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TABLE III 


2906.53 6} 4| | 53 | 2 || 3266.32/| 5 | 2 33 | 2 
14.09 | 6| 0/0} |.08 3 69 .2 22 2 
34-62 | 6) 5 . 60 3 72.88 | 6 | 3 85 | 1 
44.70| 5 | 2 .67 3 | | 4) .22 3 
53-88 }5 | .82 2 88.06 | 5 | 2 05 2 
77.4710) ~¥3 I 3308.97 | 9 | 6 | 2 -99 10 
86.06} 7) 2] | | |-04 dp. 2,2 16.42 2 42 4 
Or.73 § 2 | 3. |. 2 
3002.51 | 5 | 2 | 2 20.02 | 7 | 6 | 3 5 
03.89 | 6 | 2 .86 2 41.12 | 6 | 4 
15-22 (6/2 16] 2 42.00} 5] 3] 2 2 
| 2 58.38 | 7 | 2 39 2 
17.10|6;2/ | .og 1, 2 21 5 
25.73 | 6 | 2 | oy 2 84.23 | 8/1 21 2 
26.30| 6) 0 -26 3 196) 7 19 10 
29.95 | 5 | 2 2 88.83 | 6 o 
36.83 | 5 | 2 | | .80 | 2 96.31 | 7 | 6) 0 6 
47.68 | 7 | 4 .66 3 3407.94 | 8 | 5 | 3 6 
51.60 | 5 | 3 | -57 2 14:95 | 6 4 95 3 
52.44/15] 2] 2 20.73 | 412 72 4 
60.17 | 5 | 2 | -14 | 2 29.15 | 6 | 2 2: I 
62.76) 5,4) 0 7.5717 56 2 
72.03 | 3g 45-73 | 8 | © | 3 8 
73-68 | 6 | 4 | .66 3 go.05 | 5 | 3 .02 2 
3102.04 | 7 | 3 | o2 | 3 54-49 | 6 | 3 | 2 .50 dp. 4,2 
03-36] 5 | 2 | 36 3 63.51 | 6 | 2 | 0 .46 I 
03-97 | 5 3 81.3 2 
05-12) 5 | °| io; 1713 3 
20.28 | 5 | 40; 2 4] 3 4 
97-97 | 5 | 2 .93 2 
40.74 | 6 }4}2)°0 731 4 3501.59 | 5 | 2 56 2 
41.25 | 6/4] 0 | | +23 4 04.68 7 | 3 | -64 3 
43-92 | |-93 2 17-41| 3/1 .38 3 
46.25 6 | 3 | |-24 | 2 24.15 |8|5 3 19 10 
52.0015) 3/1 | | |.oo | 2 31.89 |10 |10 | 3 | 2 | ere) 20 
87.80 | 6 | 3 | 0 | 2 12 8 
93-41 | 6 | 3 | |-42 3 36.18 | 6) 4) 15 8 
3205.61 | 6 I 8071915 | 3 8 
08.96 | 6| 2 2 42.48 |6|)4/1 .50 6 
12.30/51] 0 | I 2 
15.31 | 6| 3/0 | 3 3 -37 5 
16.75 | 8| 7 3 77 6 51-77 | 5 | 3 | 2 -79 4 
23-39 | 6 | 3 | |-41 3 63.31 | 5 | 3 | 2 go | 4 
a5.03 | 6| 2 | 2 73.99 | 5 | 4 .99 3 
36.77 | 7 | 3 | 75 2 74.30/5|3|1/0 .31 4 
48.47 | 5 | 3) 45 2 76.42 2 .40 5 
56.38 | 5 | 3 | |-40 2 77°95 |5 2 5 
i 3 | | 2 .84 2 § | 2 .18 2 
66.12 | 2 |.12 I 3602.97 | 06 2 
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TABLE IlI—Continued 


é ine 
3614.2 2 3983.78 | 7 | 6 .82 | 
24-43} 5 | 3 | 40 2 84.40 | 6 | 4 38 | 4 
35-41 | 6 | 3 | 30 3 96.84 | 6 | 6 .go | 10 
36.38 | 5 | 2 | 4000.59 | 10/9 | 4] I .67 | 30 
37-45 | 7 | 3 -40 3 3 
44-05 | 6 2 | .O4 3 56 | 3 
45-54 |19| 7 | 4] 2 .52 10 27.94|6/4|0] | I 
46.01 | | 4 | 3 .g6 3 42.12|6|4 3 
72.45 |6) 41/3] 43 4 46.13 |10 |10 | 4 | 2 Ir | 20 
74-20/6) 5) 4 | i sis 46) 2 
85.96 | 7 | 4 | 3 50.73171713 72 | 10 
94.98 .98 8 73.32 30 10 
97.65 | 6 | 3 .65 3 | 78.10 |j10 | 9 | 4 | II 15 
98.34 1 | |.32 | 4 4111.50| 3 51 10 
3701.79 | 6 | 3 | | -76 3 19-45 | 6| 3/0 -47 3 
| -59 4 24:79 | 6/4/00} 3 
57-51 | 6 | | |.§2] 6 29.58| 6|6|2]0 .60 5 
84.05 | 5 | 3 | | }.08 | 2 43-26 | 6 | 6 
86.31 | 614] 3 | 8 68.14 8/7 3 | 8 
88.56 5 | 3 | 2 | 57 5§ 4206.74 | 4 | |-72 4 
3812.41 | 6 2 II.Q2 | ro/10 | § | I .89 20 
25.82|/5/4| | 77 3 18.28 | 9 | 8 | 2 | .26 5 
72.99.17 13 .28 10 .29 10 
92.08 | § | 2 .05 I 5 
98.68 | 7 6|3)0 .69 | 10 47-52} 5 | 4| -47 2 
3014 14/5 | 2 | 2 95-18 | 9 | 6 8 
15.02}6/ | 4325-30 | 6) 2) .29 3 
15-75 | 6) 3/1 74 4 39-83 | 6|5 1,0 .80 3 
31-67 | 5 | 5 | 3 72) 58.65 | 7/6) 1 -60 3 
.66 4 74.43 | 6) 6) 3 
.87 | 20 74:94|6|5]0 
54:69 6 4/1) 68 | 3 3 
78.70 | 8 | 8 | 4 | .7o | 10 4449-921} 9/9) 4) .88 10 
79-61 | 6) § 57 3 68.34 | 6! 0} 3 


| | 


Z6, is accordingly entirely free from dysprosium, and Zé, has 
only faint traces of the strongest lines. . 

I have not yet had available a pure neoholmium, and it is therefore 
evident that the preparations at my disposal supplement each other 
in the most fortunate fashion. 

An accurate separation of the lines of the components of erbium, 
thulium, and ytterbium‘ is not possible at present, for the reasons 


4 Auer von Welsbach has recently separated erbium and ytterbium into two 
components each, but nothing more precise is yet known in the matter. — 
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given above, and there would therefore have been great danger that 
lines of these elements might be present in my tables for terbium. 
The fact that this is not the case is due to the circumstance that Urbain 
discovered and employed a method of fractionation in which the very 
considerable quantities of yttrium in the rew material separated 
between neoholmium and erbium. Therefor? the neoholmium, and 
so much the more the dysprosium which separates before this, and 
still again the terbium separating still before this, must be free from 
erbium, thulium, and ytterbium. The entire absence of the very 
strong yttrium lines in the preparation Z6,, Z6,, and Zé is, under 
the circumstances, an absolute proof of the absence of erbium, thulium 
and ytterbium from the terbium preparations. I have not failed to 
search among the terbium lines for the strong lines which Exner and 
Haschek ascribe to these elements, but with negative results, as was 
also ultimately the case for scandium. From this discussion it is 
clear that Dr. Urbain in fact has succeeded in producing terbium in 
a remarkable degree of purity, after it had been sought in vain for 
sixty years by numerous investigators of the first rank. 

In the table of terbium lines which now follows, each value of the 
wave-length and of the intensity is the mean of three, and many times 
of four, separate values which were obtained in the measures of Z6,, 
Z6., Z6,, Tb-Dy8. Only in very isolated cases (chiefly for faint lines) 
are the figures in the table the mean from two separate values, and 
this only when the lines in question were present in Z6, as well as in 
Z6., so that it is almost certain that they belong to terbium. I meas- 
ured all the lines present on the spectrograms, in so far as they could 
not be recognized at once as lines of carbon. The intensity 1 was 
assigned to the faintest lines which were still well measurable, the 
intenity 10 to the strongest lines. The very faintest lines which were 
just visible, but no longer measurable with certainty (intensity =o), 
were omitted from the following table; but there were not many of 
them. In estimating the intensity, both the degree of blackening and 
the width or the whole impression of the lines were the criteria, and 
only in the case of diffuse lines was the intensity made to depend princi- 
pally on the degree of blackening. The symbols br, dp, and r denote 
broad, double, and diffuse toward the red. If the assignment of a line 
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of terbium is not wholly free from doubt, this fact is indicated by the 
symbol ? following it. 

In the tables I have given, along with the values of the wave- 
lengths and intensities found by myself, also those of Exner and 
Haschek for the holmium spectrum which appear to belong to terbium; 
and, further, those lines of gadolinium, yttrium, and dysprosium 
which are close to terbium lines. The values for dysprosium are 
also here to be regarded as only provisional. 


TABLE IV 

EBERHARD | EXNER AND HascHEK 

A Q | Tb-Dy8 Zé, zs, | ZB, | A | 1 
3399 -06 | | 3309-09 | 10 
3410.55 3416.57 8 
3485 .02 2 | | | 3484.07 10 
3515-74 I 3515.72 10 
3891.21 3 | | 3891.18 | 20 
4045 .64 I | | 4945.59 | To 
4054.05 2 | | 4054.08 | IO 

| 


The study of the behavior of the separate lines gave me the follow- 
ing general results: 

1. There are no indications of a resolution of gadolinium. 

2. From Urbain’s preparations there would appear to be no other 
element between gadolinium and terbium. 

3. The terbium production by Urbain appears to be a simple body. 
well defined by a characteristic spectrum—an element—-since there are 
no indications that it could be resolved. 

4. The preparations made by Dr. Urbain (particularly Z6, and Zé,) 
are pure to such an extent that a determination of the atomic weight 
with them must give a very nearly correct value for this constant. 

5. Those lines which could be followed farthest toward gado- 
linium and also toward dysprosium are AA 3523.82, 3676.52, 3703.01, 
3704.05, 4005.62, 4278.71. They can serve for proving the presence 
of terbium in minerals and raw materials. In fact, with the aid of these 
I was able to find terbium in samarskite oxide and in monazite oxides 
free from the cerium and thorium, and in gadolinite-yttrium earths. 

6. The lines of terbium are not present in the solar spectrum, or at 
least not with appreciable intensity. 
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TABLE V 


EXNER AND 


EXNER AND | 
EBERHARD EXNER ANI EBERHARD 


HASCHEK HaSCHEK 
A Ij; aj il A I | A I 
2759-65 | | | 2996.12 I 
69.69 | 2 |.65 | I gg .18 3 Gd .20 (5) 
84.63 3004.71 2 |.70 I 
2800 . 66 I | .65 2 | Dy .65(2) | 05.65 4 |.66 I 
og .46 3 |.40 1 | 09 .44 4 2 1 | Gd .47 (1) 
12.79 I |.75 I | 10.71 4 |.70 I 
27.56 1 | | 12.18 I 
44.08 | I 13-07 z | 
55-10 | I 2 |.81 I 
55-80) I 16.36 | § |.36 |dp.1,1 
57-84 | 3 |-79 r | 19-32 | 3 |-27 
61.47 | I 20.47 4 |.44 I 
&4.82 | 1 |-77 rf 22.10 I 
86.03 I || 23-57 = 
86.42 | 3 | |} 23.88 | 1 
87-54 | 1 | | | 27-46) 4 |.44 I 
94-58 | 2 |.58 | | 29-38 | | 
97-58 | 5 |-59 I 31-72 | 5 |-73 I 
98.96 4 34.22 2 | | Gd .20 (8) 
2901.67 | 1 |.70 | 35-00 1 | 
10.44 | 2 |.47 2 | 37-14 | 1 |.13 I 
11.96 2 |.93 1 | 38.37 1 |.40 3 | Dy .43 (6) 
14.87 4 |.88 I || 38.81 2 |.80 I | 
15.70 2 1.90 I 43-74 | tbr | 
16.37 3 |.38 r |} 45:08 | 5 |.06 I 
19.06 | 2 47-11 
24.28 I § 
24.64 I 52-34 r | 
26.07 | I 53-41 | 2 | 
31.53 | 1 53-71 | 6 |.71 2 | Gd .70(3) 
33-02 | 3 |-99 | 61.96 | 1 | 
33-94 I | 62.90 | 1 
34-90 I 64.20 4 |-15 I 
36.49 I 64.69 1|.67 | 1 
40.17 I | |.26 | I 
41.81 | 1 65.82 | 1 | 
45 -04 2 66.02 I | 
45-84 | 2 67-31 | 5 |-30| 1 
46.93 I Dy .95 (3) 69.14 | 6 |.11 idp. 1,1 
49.20 I 70.19 |.27 2 
50.18 1 |.18 I 72.979 | |.82 1 | Gd .74 (3) 
56.35 | 4 |-32 I 96.16 | 32 | 
60.72 I 79 .O1 6|.99 | 2 
63.01 I |.00 I 80.27 I | 
64.12 |.32 I 81.68 2 | 
64.87 2 |.85 1 | Dy .go (2) 82.17 1 |.20| 1 | ?Gd .15 (10) 
68.96 | 3 |.97 1 | Dy .o2 (2) | 82.53] § 
77-89 | 2 |.91 83.94 | 
88.81 2 |.80 r | 86.91 2 | 
g2.09 I 87.66 1 | Dy .67 (2) 


| 
| 
| 
| 
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TABLE V—Continued 


EXNER AND | 


| 
EBERHARD | EBERHARD 
REMARKS REMARKS 
a lI | A | A I | A I 
3088.55 | 6br] . 52 I 3158.20) I | 
89.25 | 1 |.19 1 | Gd .31 (1) 58.80 2 | Gd .75 (1) 
89.70 | 5 |.66 4 59-35 2 
g1.80 |} 1 59-52 2 
92 13 | I | Gd .15 (2) 62.55 | 2 
93:00 I 63.02 4 | 
93-32 | | Dy .25 (3) 63.95 | 3) 
93-55 | 1 |-56 1 | Dy .63 (1) 64.21 | 3 |.22 I 
93-96 | I |.95 2 | 64.88 | 3 | 
96.97 | 2 |.00 1 | Gd .g2 (1) 65 .86 5 | -87 | gs 
o7.g3 | 67.62 4 |.60 
3102.66 | 68.42 5 
03.10 |.20 68.71 1 | Dy .76(2) 
09.27 | 2 |.28 69 .93 5 
09 .93 | 2 |.90 4 |? Dy .89 (6) 71.30 | 2 | 
12.53 | 1 72.04 | 
12.68 | 1 73.84 4 | 
13.72 | 4 73-94 | 1 |.90 2 
14.56| 1 74.7 5 I 
17-37 | 2 75-55 I 
18.01 | 2 |.02 2 |Gd .o7(1), 76.90 1 | 
Dy .04(4)|| 77-15 | 
19-73 | 41-71 I || 77-61 | tbr|.66 | 41 | Dy .63 (2) 
21.55 I |.55 | I 79.94 | 1 | 
22.06 | 80.66 | 6 |.72 
22.93 | 3 || 81.30] 1 
33:50 | I 82.91 
24.12 | 2 Gd .16(3) || 83-39 | | Dy .32(3) 
24.65 | 1 || 83-76] 3 
29 .00 I 83.98 | 3 I 
30.78 | 1br| 85.67 | 2 
31-48 | 3 | 86.33 | 2 | 
34-37 | 4 I 87.37 | 6 |.39 | 2 
35-41 | 2 Dy .51 (6) 88.15 | 6|.18| 1 | 
37.40 | 2 88.68 | 2 | 
38.75 | 1 Gd .81 (1) 89.87 | 1 |.92 1 | Dy .go (2) 
39-77 | 6|.74) 1 go.10 | | 
40.18 | | 1 go .80 | | | | Dy .76(2) 
43-56 | 1 | 92.58 | 1 
44.56} 93-13 | 
45-33 | 4|-31 | 2 | Dy .32(3) || 94-31 | 2 | 
46.35 | 2 94-83 | 4 
46.83 | 2 || 95-74] § Y .75 (3) 
47-07 | 4|.02] I | 98.15 | 
47-27 | 4 |.25 I || 99-67 7 |-95 | Gd .67 (1) 
48.84 | 4 |.85 I | 3 | 
54-85 | 1 |} 02.06; 1 | 
55.22 | I || 02.82] 2 |? 
55:74 | 3 || 03-15 | 
57-28 | 1 |.30 1 | Dy .31 (2) || 97-19 | 3 |-23 | 2 | Dy .25 (6) 
57-62 | 1 |.64 1 | Dy .66(2) || 07.63 | 4 | | 
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TABLE V—Continued 


REMARKS | REMARKS 
a I A | I 
3208. 3 || 3262 .83 
og .66 3 63-09 | 5 |.10 I 
10.15 I | 63.87 | I 
10.32 3 || 64.05 3|-03] 1 
15.15 3 64.19 I | 
15-63 | 1 65-05 | 3 | | 
19.04 8 |.05 2 | 66.09 2 |.12 | I 
20.09 6 |.10 2 66.55 | | 
20.34 | I: |} 68.26] 4]}|.20| 1 
23.10 | 3 || 68.65 | 3 |.66 I 
24.84 | 1 | 70.70 | rbr 
25.63 | 1 Gd .57(2) || 70-83 | 1 | 
27.10 I | 72.53 4 |.48 I 
27.61 | 1 73.28] 2 | 
29-39 | 2 74-31 | 3 | Gd .30 (1) 
29.81 | 1br 74-45 | 2 
4 75-84 | 1 |.87| | Dy .g2 (2) 
30.85 | I 77-45 | 3|-45| 1 
31.18 | 3 |.17 I 77.85 | rbr 
31.59 | I 79.22 I 
32.16 2 80.44 6|.40| 2 
33-69 | 1 81.55 | ©|.55| 1 
34-62 2 83.26 | 1 
35-88 | 3 Dy .97 (6) 83.96 | 1 
30.29 2 Gd .26 (1) 85.16 | 5 |.16 I 
39-39 | I | 85-33 | 3 
39-74 | 2br|.69 I | 86.29 z |.90 I 
4O.II |.14 I 87.08 | rbr 
P 40.78 4 87.70 3 |.67 I 
42.06 I | g1.69 4 |-68 
43-32 3 93-20 |4r |.18 2 
44.74 | 1 || 94-16] 4| Gd .21 (2) 
45-31 | 3 Dy .25 (5) 95-44 | 2|.50] 1 
45-52 I 98 . 34 2 |.38 I 
46.64 I 98.79 4 |.76 I 
47 -32 I 3304.22 2 |.19 I 
47-98 | 1 04-39 | 2 |.45 tr | Dy .42 (2) 
49:75 | 2 05-97 | 3 |-09 2 
50.63 I 05.51 2 Dy .55 (2) 
50.88 I 07-53 | 5br 
51.06 I 07.92 I 
51.37 | 4]|-42 5 | Dy .41 (7) 08.66 | 2 Gd .66 (1) 
52-44 6 |.45 I og .28 2 
53-68 I 10.24 I 
55-34 | 2 I 10.49 | I 
58.53 | || 10.92 | 2 
59-54 | 4]-51 I |} 12.70] 1 
60.23 | 4 Dy .12(6) || 12.90] 3 |.86 3 
60.80 1 |.84 2 | Dy .83(4) || 14-45 3 
60.97 | 2 I 
61.86 | 5 2 


| 
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TABLE V—Continued 


EXNER AND EXNER AND 


EBERHARD | Hascure || EBERHARD “HascHEK | 
REMARKS | | REMARKS 
| I | te aA | 1 la I 
| | 
3318.17 | |Gd.19(1) |3375-18 | 4 |.16 G) 
19.31 I | 2 |.47 I -5°(3 
19.93 | Dy .02(5) || 76.79 | 3 74 | I 
21.02 I 77-80 4 | 
21.25 | 4br |.23 || 78.86) 4 
22.38 | 5 | 4° I || 79.02 | 4 |.00 2 
23-52 | 3 79-32 | I 
24.03 | 3 I | 4 |-79 | 
24.54 1.5 4 1.01 | 2 | 
25.64 | 3 |-04 I || 81.74] 1 |-70 4. 
27.24 | 3 |.20 2 || 82.91 | 4 |.91 
29.20 | § |.20 I | —— 4 Dy .70 (3) 
33-33 | 3|-30| 1 7-77) 1 
34-07 | 2 | || 88.51) 1 |.48 | I 
| 34-47 | 1 | | 89.72 | 2 
34-62 | 3 |-56 t | Dy .56(1) |, 90.15 | 3 
35-5 2 | | 
30.87 | 5 I | QI .05 I Gd (1) 
38.18 | 3 |.14 I | 91-39 | 3 | Gd .45 (1) 
39-15 | 5 |-14 I | 91.80 I 
30-75 | 2] 92.20 | 2 
43-10 | 1 | 93-12 | 1 |.10 I 
43-71 | I 2 | Dy .65(1) || 93.68] 2 
43-90} I -71(7 
45 -00 I | 94-94 | 3 1.97 I 
46.49 | 1 |.45 I 95-35 | 3 
47-41 | 3 | 97-36] 1 Gd .35 (1) 
| 3 |-20 I 97-76 2 
48.43) @ || 98-49) 4 |-45 I 
48.70 3 |.70 I | 98.69 | 1 
49-57 |-54 I || 99-23 | 3 
50.64 2 Gd .63 (8) Gd .12 (3) 
51.5 I 00.64 | 3 |.62 I 
53-05 | 3 | 00.99 | 4 |}.0r I 
57-50 | 3 Dy .46(1) || 02.45 | 4 
59-47 | 1 | | 3 
59-99 | 2 06.16 | 3 
60.39 | 2 | 07.25 I |.30 2 | Dy .31 (2) 
62.32 |] 5 Gd .40 (8) | 09.00 | I 
64.33 2 Gd .36 (2) | a I 
4-4 I 10.5 3 
65.01 7 |.O1 I 10.83 3 |-85 2 
65.42 | 3 | 13-92 | 5 |.92 5 | Dy .94(7) 
66.31 1.33 I 15-59 I 
67-31 3 |.30 I | Gd .22 (1) | 16.40 | 4 
.67 | 1 16.71) I 
70.73 3 |-70 I 17.87 2 
71.65 | 3 |.65 I r.1r | 1 
72.50 | 41.50 I 20.47 | 5 |.46 I 
72.85 | 1 |.90 5 | Dy .88 (3) 23.21 | 1 
74-56 | 3 23.56 I 
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TABLE V—Continued 


EXNER AND 


FEBERHARD FXNER AND EBERHARD 


| HascHEek HASCHEK 
ia REMARKS } REMARKS 
3424.14 | 2 | |Gd .07(5) 3408.55 |.55 | | Dy (2) 
24.46 I 69 .84 I | 
24.83 | 1 70.01 I |.00 tr | Dy .06 (1) | 
25-57 I 70.52 3 |-40 I | 
26.06 | 2 Gd .08 (3) 7c.e7 | 3 
26.48 | 2 | Gd .46 (2) 72.52 | 3 |.49 I 
28.29 |.20), 2 | 72.95 6 |.95 I 
28.87| 1| | 73.18 2 
29.24 zi.06| «2 | 73.94 | 2 | Dy .84 (3) 
29 .g2 I 75.46 | 1br 
30.31 I | | 76.28 | 2 
30.49 I 76.45 2 |.47 1 | Gd .45 (2) 
30.76 4 79.40 I | 
32.03 I 80 . 33 I 
32.51 3 | 80.63 | 1dp}.57 I 
33-38 5 |-40 | pI || 81.69 2 
34-57 | | Dy .50(6) S2.98 | 2 | Dy .93 (3) 
35.08 I 83.20 3 
35:79 | 1 83.85 3.83) 1 
36.27 I 84.86 br Dy .84 (2) 
37-12 | 3 |-06) 4 | Dy .o7 (1) 87.43 | 3 Dy .38 (2) 
38-73 | 3 | || 87.78 | 2 | Dy .72 (3) 
39.22 I | 88.96 I 
39 .87 2|.86|} 1 | Gd .g3 (3) 89 .65 4 |.63 I 
40.55 | 4/-55/ 1 | || 89.91 | 2 | 
41.84 | 1 | | Gd .g2 (2) go.42 I 
44.06 I | | || O1.41 2 |.39 I 
44-74} 3|-70| | 91-94) 1 
44.91 | 1 | 92.13 | 2br|.13 I Gd .10 (6) 
46.52 5 |.46 I 92.69 | 3 |.66 I 
49 .02 | 93-14 | 2 
49.61 a | 94-39 2 
52.56 | 2 95-53 2 
53-01 | | 96.43 3 
53-60 | || 98.g0 r|.82 | 3 | Dy .86(3) 
54-24} 3] | Gd .30(3) || 99.47 | 
55-55 I | ||3500.20 | 
56.15 2|.13 | 10 | Dy .13 (3, || 00.42 
| very broad)||} 00.99 | 5 /|.96| 1 
56.71 I | -68 | 4 | Dy .67(6) || 04.18 I | 
3 Gd .17(2) || 04.91 2 | 
58.77 31-73} | || 05.26 1 |.24 |dp1,1 
60.57 | 3 | 2 | Dy .54(2) || 06.05 | 3] 
61.14 | 5§ |Dy.10(5) || 07.58 3 1 
62.68 | 1 | | 09.32 | 10 |.30 |} 8 | Perhaps 
62.98 | I double 
63.12 | 2 | | Gd .14 (3) 10.25 2 |.22 1 | Gd .26(1), 
64.76 | | Dy .28 (2) 
67.03 | 2 | Gd .o9 (3) | | 2 | Gd .66 (4), 
68.17 | 5 |.15 I | | | Dy .70 (3) 
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TABLE V—Continued 


EXNER AND 


EXNER AND | 


HASCHEK ESERBARD HascHEK 
A I | A I A 
20 3571-49 
72.25 2 |.28 I 
27 r | 75-77. 
16 1 | 760.03 2 
76.78 I |-74 I 
| 77-21 3 
79-39 -33 t | Dy .27 (2) 
85.24 2 |.21 5 | Dy .22.(3) 
96 I 87 .60 3 |.§0 I 
02 2 | Dy .o2 (2) 87.86 I |.g0 I Y .86 (1) 
89.74 I 
81 2 g1.55 2 |.58 4 |?Gd .56 (2), 
a7 1 | Gd .28 (1) Dy .57 (6) 
81 I 91.78 2 
93-23 | 3br|.29 I 
93-88 2 |.85 I 
94-41 2 |.42 I 
57 Dy .57 (1) 94-73 |-75 I 
os.12 | 3 Dy .20 (5) 
96.52 | 5§ |-§2 I 
96.97 I Gd .g9 (1) 
97-90 I 
98.21 3 
3600.19 2 
Dy .83 (2) 00.55 | 6|.50) 4 | Dy .56(4) 
00.94 I 
o1 .68 |.65| 1 
o1 .86 2 
41 I 02.64 I | 
05-04 4|.04| I Gd .oo (4), 
| Dy .04 (1) 
? Dy .54 (3) 06.14 | 2 
06.31 | 3 |.26 a Dy .28 (6) 
07 .66 I | 
17 tr | Dy .19 (2) 08.00 | I | | Gd .o1 (1) 
08.35 | 
.83 09.20 | 1 | 
09.70  1dp | 
10.00 | 1 | 
11.42 | 3 | 
42 2 |? 11.61 | 3 | 
13.17 3 
13-47 | 1 | 
.83 3 13.81 3 |.80 
.09 I 14.79 | 31-77 
84 2 15.58 | 1 | 
| Dy (1) 15-77 | 4br |.76 
.50 4 16.71 | 4 |.70 
18.01 | § |.98 
.63 4 | 18.31 | 2 |.25 
-14 2 19.86 | 4 |-85 


4 
2 
375 
I 
3513-24 
14.31 
15-106 
15. 64 
16.31 
16.79 
| 19.9! 
20.95 
23.10 
23-33 
23.82 
| 25.27 
25.79 
20.02 
20.91 
29.93 
32-00 
32.84 
33-79 
33-99 
30.51 
37-32 
37-88 
38.03 
39-05 
39-97 
40.4I 
43-38 
44-03 
46.64 
51.14 
§2.12 
55 -42 
55-87 
56 
56.39 
59 -39 
| 59-54 
| 61.88 | 6br i ae 
63.05 3 
65.87 | 3 
66.25 | 1 
67.59 
67.99 I 
68.64 8 
69.11 § 
| 
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TABLE V—Continued 


A | Tj a I A I} it 
3622.27 | 2 |.25 I 3068.14 | 1 |.11 I 
24.02 4 68.64 1 |.66 rt | Dy .69 (1) 
24.89 3 69.79 
25.66 6 |.64 2 70.80 I 
20.2 I 71.52 2 
26.63 | |.61 I | @ Dy .45 (6) 
. 27.01 2 | Gd .o2 (1) 75.91 2 
28.31 3br .35 | 1 76.52} 8 |.48 | 3 Dy .58 (1) 
28.87 1 Y .85 (4) 78.04; 3| | 
29-59 | 4br Gd .66 (2), 78.94 2 | 
Dy .57(5)) 81.62) 1 
30-49 § 7d .39 (1), 2.05 | 7 |.45 2 
| Dy .39(6)| 83.44 1 
31.20 | 2 .20 (1) 84.99 ft 
31.64 4 | 87.34 I 
33-43) | Dy .41 (2) 88.32 | 5 | 
1 3 | 89.28 | 4.24] 1 | Dy .18(1) 
38.59 | 4.58 r | Dy .64 (3) 89.88 | 2 
39-06 | |.03 1 | Dy .o5 (1) 91.32 | 7br|.32 | 2 
39-95 | 4/-99| 1 | Dy .00 (2) 2.15 
40-91 | Dy 97 (3) 93.00 4 | 
41.80 | 6|.77) 1 93-74 | 2 | |Gd 76 (1) 
42.19 | 1 | 94.87 I 
42.50 | 96.45 | 3 | I 
97-03} 4]|.05 | 2 | 
43-43 2 97-91 | Gd .89 (5) 
43-90 | I 99.50 | 4 
44.28 | 2 3700.28 | I | 
45-96 | 3 |.96 1 | Dy .oo (5) 00.47 | I | 
46.28 | I | Gd .36 (15) 01.47 | I 
46.58 | I 03.01 | 8 |.99 4 
47-19 | 4 03.64 I 
47-87 | 4 04-05 | 8|.05 | 3 | 
49-51 05.25 | 2 
5°-55 | 7 3 | Dy .57(2br) | 06.54) 1 | 
§1.08 | 3 |.10 | Gd.o9(2) | 08.93 | 3 
§2.03 | 3 |.00 I 09.51 | 4) | 
52.43 | 2 I 11.92 | 8br|.go 2 | Dy .81 (5) 
3 || 14.56 | rbr} 
54-02 | 2 |.00 tr |? Dy .o2 (2) 16.24 | 2 | 
55-01 | |.99 2 | Dy .02(3) || 16.58 | 2 |.54 | Gd .§2(s) 
56.63 | 1 Dy .58 (1) 17.07 | I |.05 2 | Dy .10(3) 
56.90 I 17.64 |} 3] | Gd .60 (4) 
58.42 | 2 Gd .35 (1) 18.06 | 1 | 
59-01 | 6dp|.co 3 18.65 | 2 | 
59-58 | 3 || 19.62} 3 | Gd .63 (10) 
60.62 2 || 20.46 I 
60.89 | 3 |.85 I | 20.59 | 1 | 
63.27 | § |.25 I ||} 22.79 | r | 
64.45 | 1 || 23.26] 3 
65.75 | 1 || 25.17 | 2 
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TABLE V—Continued 


REMARKS 


I 


N 


Gd .63 (3), 
Dy .62 ( 


.42 (1) 


| Ga .38 (1) 
| Dy .52 (6) 


|? .46 (5) 
| 


| Dy .74 (2) 


| Dy .59 (3) 
| Dy .32 (2) 


| Dy .67 (5) 
Dy .54 (3) 
Y .31 (2) 


| 
| 


3793-69 | 3 
94-50 | 1br}. 
8 


w 

w 


N 
w 
N 
w ¢ 
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.00 | 


.83 


1.25 
-23 


-37 


|.78 


-O1 
.32 
77 


-47 


| 


327 
HascHEK 
REMARKS 
I 
2 
I 
I 
Dy .47 (4) 
2 
I 
Dy .27 (2) 
3 | Dy .35 (3) 
2 
10 | Dy .34 (4) 
I 
I 
| Gd .87 (1) 
I 
I 
3 
I 
2 
Dy .23 (1) 
2 | Dy .38 (3) 
3 |? St .69 (10), 


| 


Dy .69 (2) 


| 
meee Esernarn | 
| 28. 83 .88 I | 
29.12 7 
30-07 -05 
30-57 
32.00 
32.54 | I | 
34-88 | 
35-17 | |? | ea 
38-57 
39-06 | 
4° 
41.35. 2 | 
41.76 | 2 
42.04 1 | Gd (1), 2 
Dy .o2(2)|| 2 
43-27 t | Dy .24 (2) 
45.20 2 | || 2 ae 
47-33 r | | 4 
| 48.97 } 4 
49-47 | 
51.81 8 
3.37 
53-74 
55-38 2 8 
57-58 8 
58.0 | 9 
58.46 9 
60. 34 | 9 
61.25 | | 9 
62.88 | i= 
65.26 = 2 | 
67-65 > 
75-41 | | 9 Vee 
| 76.62 390 
79-36 = 
80.14 fo) 
81.80 | | 03.29 I 
83.62 | 
87 35 q 
89.20 | | | 
89.86| | | 06.71 | 1 | 
go .06 | 08.23 | 3 I 
| 92.35 | | | 08 .82 2 | 
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TABLE V—Continued 
Eprrarp | EXNER AND Esernarp | EXNER AND 
HaAsScHEK HaSCHEK 
REMARKS REMARK 
A I | a I A I A I 
3909 . 30 4, -28 I 3950.29 3 
og. 4 |-7! I 57-49 2 
10.31 2|.28; « | Dy .24(1) 58.11 4 |.11 2 | Dy .19 (4) 
10.56 1 | 58.49 | 1 
10.78 r | Dy .70 (1) 58.7 | 
: II.O1 2 | 60.28 | 1br Gd .27 (1) 
12.42 I | 60.84 2 
12.93 | 2dp | Dy .00 (2) 62.12 | 1 | | 
13.62 | 2 62.7 | 2 | Dy .74 (2) 
13-93 I Gd .92 (1) 63.06 | 1 | 
14.72 | 2 | 65.25 | | | Dy .26(1) 
1§-54| |-S7| 66.09 4 
17.11 I 7.30 3 
17.45 2/|.48| 3 | Dy .49 (2) 67.80 | 2 
18.97 | 2 | 7o.35 | |.36 I 
19.67 | 7r |.64 I 71.90 | 3 |.90 I | Gd .gt (4) 
20.11 2 | 972.22 | 2 |.24 I 
20.88 | 4 | 73.07 I Dy .18 (1) 
97.36; 2 74.41 4 |.47 I 
21.91 zi] 74.84 | 2 |.86 2 
22.23 5 |-25 1 76.99 | IO |.00 5 
22.88 | 5/|.92/ 1 80.41 | 
23.13 | x 81.2 5 |.92 I 
24.53 2 | Dy .60(2) || 82.02 | 10 |.09 8 | Dy .10(7) 
24-95 2 | 82.47 I |.47 I | 
25.57 | *|s57| 2 84.00 | 3 
29 94 | 2dp| | Dy .86 (1) 84.18 | 3 
30.95 3 | 84.96 I 
32-50 | 2br | 85.22 | 2 
86.48 | 3.49] 1 
37-30 | 1 | Dy .32 (1) 87.84 I 
37-77 | 2|-74| 89 .63 I 
39-68 | 8|.68| 2 90.75 | 3 
41.32 | 3/-34| | 91.73 | 
41-53 | 92 - 33 I 
42-34 | 3/|-34/) | 93-00 | I 
43-07 | I 93-67 4 Dy .71 (2) 
43-81 | 2 95.27 | 
44.30 | I 95-93 | 1 .94, | Dy.gr (1) 
45.07 | 2br 97-52] 3 
47.02 | 6|.05 | 3 | Dy.o9(5) | 98.24 1 |.20 2 | Dy .20(1) 
48.45 | | || 98.53 | 3 
49.67 I 99 .03 2 |.05 I 
50-05 | | 99-50 4 1 
| 2 4000.13 | 4 |.13 I 
50-55 | 3 Y .5§2 (10), OT.40 | I |.45 | Gd .40 (3) 
| Dy .§2 02.30 |sbr/.31 | Dy .35 (1) 
50.91 I | 02.70 | 7 |.72 2 v 
52.02 I 03.91 2 |.92 I 
54.18 4|-17/ I | || 04-03 I |.00 
55-89 | rbr|.83 | I | || 04.64 1 
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TABLE V—Continued 


EBERHARD EBERHARD am 
| A I A I A I A I 
4005.62 | 8 .64 3 4061.74 | 5 |.70 2 | Dy .69 (1) 
06.07 3 Dy .ot (1) 62.36] 1 
07.32 1 |.28 rt | Dy .30(1) 62.94 I 
07.86 | 1 .89 | Dy .gt1 (3) 64.02 | 4 |.97 I 
09 . 34 2 |.30 | Gd .35 (2) 66.33 I 
09.65 | 3 70.25 | 3 |.25 1 | Dy .24 (1) 
10.18 | 2/.23 | 2 | Dy .23 (3) 70.69 | 2 
12.94/ § .92| 2 | Dy .97(1) 71.30 | 2 
13.306 3 |-40 I 72.44 | 2 | Dy .46 (1) 4 
15.66 | 1br 72.84 | 4 | Dy .76 (1) 
16.09 | 1dp 73.88 | 3 |.86 1 | Gd .gg (10) 
16.44 | 1br 74.12 | 2 | Dy 
17.01 1 | | Dy .06(1) 74.22 | 1dp 
17-99 | 1br Dy .g2 (2) 75-32 I 
18.51 | rdp 75-99 I 
79.96) §|.95 | « 78.59 2 | Gd .60 (6) 
20.60 | 5 |.62} 3 80.94 I 
23.02 3 |.03 I 82.37 | 2 
23.87 | 2)|.85| 2 | Dy .&89 (3) 82.95 | 2 
24.21 83.35 | 2 | Dy .26 (1) 
24.88 | 3 | 83.81 | 2 | Gd .87 (2), 
25.84 | 4 | Dy .78 (2) 
27.54 1br &4.40 | 2.40 | 
28.13 I 84.99 | 2 | 
28.42 3 | Dy (5) 86.77 | 3 |-75 | 
30.11 I 87.85 | 2 
31-77, | 6.78) 2 | | 
32.45 | 5 |.48 2) 89.48 | 3 |.50 | 
33-35 | 7 |.20 3 89 .66 64 | 
30.35 | 1 91-49 | 
30.57 | 1 Dy .51 (4) 92-34 | 3 |-34 | 
38.98 | 2 Dy (2) 94.20] I 
39-35 | 2, | 94:58 | 6 
39 .64 2 |.63 r | Gd .63 (1) 96.09 | 1 | 
40.26 I 97-56 | 2dp | 
40.56 | 3 99 -32 I | 
42.00 I Dy 12. (5) 99.62 | 2 
42.47 | 2 4101.08 | sbr 
43.81 |-2br | Gd .85 (1) o1.82 | 4 
47-32 | 3 02.67 | 3 | 
48.97 |.96 03.60 | 4 
51.65 | 1 | 04.09 | 6 
51-95 | 4-95 2 | Dy .95 (2) 05-54 | 3 |-50 
52.56 | 1 06.17 |.12 | 
2.99 | 6 .96 I 07.90 | tbr 
54.22 | 3 09.70] I 
57-18 | 1 | 12.66 | 3 |.68 
i 58.59 2 13.05 | 3 
60.54 | 4/-53/ | 14-27 | 3 |-a! 
61.01 | 15.49 | 2br |.46 | 
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TABLE V—Continued 


EXNER AND 


EXNER AND EBERHARD 


EBERHARD HAsScHEK HASCHEK 
A I A I A I A I 
4116.68 I . 4185.10 | 2 
17-40 I | 86.38 2 
20.09 | 3 |-12 I 87.33 | 3 
20.69 2 88.2 2 Gd .20 (2) 
21.19 I 88 .68 3 2 
22.38 I go.28 I 
22.66 | 2 | g1.80 | 3 |.83 5 | Gd .75 (2), 
23-93 I Dy .88 (1) Dy .81 (3) 
26.90 I 93-29 I Gd .29 (1) 
27-44 | 3 93-55 I 
30.32 I 93-94 I 
31.28 I Dy .18 (3) 04.14 I 
31.63 3-65 | 1 | Gd .65 (3) 96.91 3 
33-01 2|.03 | 2 Dy .o2 (2) I I Gd .21 (3) 
35-55 | | 1 | Gd .60(1) 98.61 2 
38.79 I Dy .70 (1) 99 .87 I { 
39.22 2 4200 .83 2 
39-94 3 o1.18 6 |.15 I 
40.93 I |.95 I 03.91 4 |.88 I 
41.71 4 |.67 4 | Dy .67 (6) 06.65 I Dy .70 (6) 
42.61 I 07.06 I 
43-79 | 3 07.67 | 2 
44-55 8 |.58 3 08.83 | 3 
47-13 I 13.62 4 Dy .76(2) 
48.34) 1 14.56 | 4 I 
| 3 | | 5 |?Gd .13 (6) 
50.71 2 | Dy .30 (5) 
51.28 3 16.11 |.06 I 
53-65 I Gd .69 (2) 16.83 I 
56.44 3 17.66 | 3 
58.46 I 18.06 I 
58.70 | 2 .O1 I 
61.64 | rbr 9.32 | 
66.69 I 20.24 
69 .27 3 22.85 I 
69.50 r |.45 1 | Dy .40 (2) 23.46 | 3 
70.07 I 24.43 | 3 Y .43 (1) 
70.65 2 |.71 I 26.63 | gbr |.58 I 
71.21 3 3°-74 2 
71.94 5 Y .gt (2), 31.54 2 
Gd .86(2)|} 32.05 | 3 Dy .18 (5) 
72-77 | 3 | 32-36 | 3 
73.00 32.98 4 
73-94 | 4 34-37 | I Dy .33 (1) 
76.04 I | 34.80 1 
79.14 | 2 | 35-52 2 |.54 I 
79-97 | 1 | 39-44 | 3 
80.54) 4) 40.11 I Dy .o1 (5) 
81.03 | 3 |-07 I Gd (2) 40.33 | tbr) 
81.50, 3 | 2.43) 
84.49 2 | Gd .48 (10) 
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TABLE V—Continued 


EXNER AND 


REMARKS REMARKS 
A I A I A I A I 
4242.73 | 3 4315-87 2 
44-73 I 19-05 | 9 |-OI 3 | 
45-30 I 20.45 I 
45:95 1 Dy .07 (4) 22.39 5 |-40 Gd .35 (2) 
F 40.77 | 2 Gd .70 (3) Dy .37 (1) 
48.73 I Dy .65 (2) 23.04 3 
50-44 2 |.50 t Dy .55 (1) 23-83 | 3 Dy -95 (2) 
51.50 2 20.00 Q |.04 2 
51.88 | 6 |.85 1 Gd .go (10), 26.64 | 6 |.62 3. | Dy .58 (2) 
Dy .94(1)|| 29.10 | 5 |.08 2 | Gd .o6 (1) 
54-17 I Dy .08 (4) 
55-39 | 7 |-36 I 30-53 | 1 
50.30 I 32-39 | 5 |-3° I 
58.37 8 |32 2 34.84 2 
60.94 I 36.66 | 7dp|.64 2 
63.85 1 Dy .75 (1) 37-79 | 5 |-82 I 
64.82 I 38.62 6 |.60 3 
65.15 I 40.79 6 |.79 2 
66.53 5 |-49 I 2.70 | gbr|.73 I 
69 .49 I | 48.49 2 |.5% I Dy .52 (1) 
69 .87 6 |.87 I 49.78 2 
71-73 | 1 | 50-92 2 |-93 2 
72.44 | 2 | 51.80 | rdp 
73-38 | 2) Dy -33 (2) 53-39 | 9 |-35 I 
75-39 | 4 |-36 §6.28 | 4 |.25 I 
76.91 | 8br | .86 | 3 | Dy .88 (4) 57-01 7 |.99 2 
77:93 | | 60.31 § 1 | Dy .36%(2) 
78.71 | 10 |.67 66.18 I Y .20;(1) 
80.67 I ? Gd .69 (8) 67.67 5 
81.48 I 72.22 2 1.48 I 
85.30 | 1 || 76.50 3 
85.92 2 |.98 I Gd .96 (2) 81.47 2 
86.29 | 1 Gd .26 (2) 82.60 5s |.61 I 
37.06 3 | .05 I 84.2 I 
89 .89 4 |.87 I 85.85 4 
04-53 I 86.24 5 |-21 I 
95-50 I 88 . 42 4 |-43 I 
96.49 3 Gd .46 (3) 89.20 I 
98.55 4 Gd .60 (1) QI.10 5 Gd .12 (3) 
4300.08 4 |-05 I 94.20 2 Y .23 (1) 
O1.II I ? 96.75 | 5 
03-12) 4 Dy .17(3) 1 Gd .93 (1) 
04.17 2 o1.72 3 
07-38 | 3 | -35 I 03-36 Gd .30 (4) 
08 .85 7 |.80 | 10 | Dy .82(7) 05.58 | 5 
10.61 4 |-56 I 09.68 | 4br Dy .55 (8) 
£2.27 1 |.16 I Gd .14 (2), 16.43 5 
| Dy 18 (1) 20.38 | 2 j 
11.74 | 2 |.72 I || 23.28] 5§ |.27 I 
12.26 | 3 Dy .15 (1) 24.64 I 
13.40 | 2 |.40 r | 7.85 2 
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TABLE V—Continued 


EXNER AND 


EBERHARD Hascuex EBERHARD 
REMARKS 
I 1 I 
4428.50 I 4503-75 I 
30.27 04.72 I 
30.88 | I Gd .82 (5) 09.20] § 
32.88 | 3 11.68 | 5 
34-63 | 5 13-12 | 3 
35.27 2 ? Ca 14.47 3 
35-733 16.07 | I 
36.27 5 |-24 I 19.92 | 1dy 
39-12 | 4 24.52 I 
39-53 2 25.14 I 
41.42 I Dy .35 (1) 26.08 I 
41.67 I 29 .03 I 
48.20 3 29.91 2 
51-79 2 30.75 I 
52.96 2br 31.98 I 
53-31 I 34-33 2 
55-07 I ? Ca 37.30 | «4 
58.65 | 37-38 | 3 
59-57 | 3 40.74 | I 
61.43 I 46.63 I 
62.38 | tbr 47.64 I 
65.88 | 1 48.52 I 
67 .87 2 | 49.26 3 
69 . 29 I 49 3 
69.56, 50.61 | 3 
69 .go | tbr 51.10 I 
71-34) |) 56.65 3 
71.89 | 2 57:07 | I 
73-00 57-45 I 
73-46 | 1 Gd .45 (1) 62.41 | 4 
4473-87 | 1 63.87 | 6 
85.85 I 65 .04 I 
88.33 2 3-34 2 
89.93 2 78.88 6 
90.84 | I 80.55 2 
gt.19 | 85.01 2 
93-25 | 7 |-26 I 91.73 2 
4501.47 | I Dy .44 (1) 


EXNER AND 


HasCHEK 
REMARKS 
A I 
Dy .79 (1) 
Gd .11 (1) 


.06 |) (5) 
.63 1 Dy .66 (2) 


.88 I 


By the settlement of the terbium question an important step has 


been made in the investigation of the yttrium earths, and it will now 
be possible for the first time to successfully undertake the discussion 
of the further earths of this group, dysprosium and neoholmium. I 
hope before long to be able to give complete tables of wave-lengths 
for the first of these elements, based again upon preparations from 


Dr. Urbain. 


ASTROPHYSIKALISCHES OBSERVATORIUM, 
Potsdam 
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ON THE RELATION BETWEEN STELLAR SPECTRAL 
TYPES AND THE INTENSITIES OF CERTAIN LINES 
IN THE SPECTRA 


By SEBASTIAN ALBRECHT 


During the past summer, in connection with the measurement 
of the spectrograms obtained at the Mills Observatory in Chile by 
Professor Wright, assisted by Dr. Palmer, an investigation of the 
individual spectrum lines was begun, with a view of determining 
whether there is a shift of any of the lines which is progressive from 
spectral type to type. Several lines were found which undergo such 
a progressive change as indicated by the radial velocities obtained 
from them, this being especially noticeable for the line 4468. 663." 
Since then, several lines which were formerly not measured have 
been included in the observing list, largely for the purpose of studying 
their behavior in the different types of spectra, rather than for use 
in the radial velocity determinations. An examination of Rowland’s 
tables shows that in most, but not all, cases studied, lines apparently 
single are in reality blends of two or more close components. The 
nature of the variations found is such as to indicate varying inten- 
sities of the same components, rather than the presence or absence of 
different components in the different types. It was the iatention, 
when sufficient data had been obtained, to make comparisons with 
the enhanced and weakened lines in the spark and arc spectra. 
When a list of sun-spot lines? in the region covered by the southern 
Mills plates became available, a comparison with these was made 
instead, and the preliminary results are given in this paper. The 
investigation was limited to stars of types F to Mb inclusive on the 
Harvard classification. In this classification the Sun is of type G. 

The principal result of the comparison is the very strong indica- 
tion that the physical conditions in the stars as we pass from the F 
to the Mb type vary roughly in the same direction as from the Sun 


1 In preparing this manuscript I note that Slipher has called attention to the fact 
that this line gives too large positive velocities in a Bodtis. 


2 Walter S. Adams, ‘“‘Sun-spot Lines in the Spectrum of Arcturus,” Astrophysical 
Journal, 24, 69, 1906. 
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to the sun-spots. It is not intended to convey the impression, how- 
ever, that any one type has been found in which the conditions are 
exactly the same as in the sun-spots, though an early K type is prob- 
ably nearest to it. In the Mb type the relative intensities of the lines, 
as shown both by their appearance and their residuals, have gone 
far beyond what they are in the Sun, whereas in the F type they 
much precede the condition in the solar spectrum. Adams (/oc. cit.) 
has shown a striking similarity to exist in the intensities of sun-spot 
lines and of the corresponding lines in the spectrum of Arcturus 
(type K), while Hale and Adams' have made a similar comparison 
of intensities for a Orionis (type Ma) in the region A 5393 to A 5703. 

A large number of lines might be mentioned which change greatly 
in intensity and appearance as we proceed from the F to the Mb 
type, this change being frequently very prominent even from the 
G to the K_ type, and which are not included in Adams’ list of lines 
affected in sun-spots. Among the most striking of these are the 
Cr lines, \ 4254.5 and A 4274.9, which become very sirong, wide, 
and diffuse as we follow the scale of stellar types. A few cases of 
contradictory evidence have also been found, in which the residuals 
show a definite and decided shift in the opposite direction from that 
which would be expected from the intensities assigned to the com 
ponents in sun-spots. Among these the line A 4435.2 may be 
especially mentioned. For this blend both my value of the wave- 
length, as determined from the spectrograms, and the progressive 
trend of the residuals indicate a shift of its center toward the violet 
instead of toward the red. In one or two cases also the residuals 
tend to show an oscillation of the line, in one direction from the F 
to the G (or early K) type, and in the opposite direction from the G 
to the Mb type. Some of the observed differences between sun 
spots and stellar K types, in which the physical conditions may be 
similar, may be due to the fact that in the stars this condition is the 
average condition in their entire atmospheres, while in the case of 
the sun-spots some effects may be altered by overlying layers of 
gases and vapors or by other local circumstances. Nevertheless the 
similarities are sufficiently striking to promise much for this line of 
study. The results here given depend not only upon the appearances 


t Astrophysical Journal, 23, 400, 1906. 
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of the lines, but primarily upon quantitative measurements of their 
positions. 

It is possible that for variable stars of large light-changes, some 
traces of velocity variations may be found, corresponding to small 
changes in spectral types from maximum to minimum. Spectro- 
grams for a few cases are available and they will be examined. 

Dr. Palmer made a simple tabulation of the residual velocities, 
without regard to spectral type, for a large number of lines in the 
spectra measured by himself, for the purpose of improving the wave- 
lengths of the lines used. The values in the old tables had been 
obtained by blending the components according to the intensities 
in the Sun assigned to them by Rowland. The wave-lengths cred- 
ited to him in this paper are the average wave-lengths, deduced by 
him, for these lines in all the stars measured. In the case of three 

lines he found two values each. For one of the three lines, one value 
was for the types G, K, M, and the other for types A and F, while 
for the other two lines one value related to the types F, G, and K, 
and the other to the types K5M and Mb. 

Acknowledgments are due Director Campbell for encouragement 
and assistance in the prosecution of the work. 

In the tables following the residuals are given in kilometers. The 
capital letter at the head of each column denotes the stellar type. 
The intensities for the Sun are from Rowland’s tables, while those 
for sun-spots and for Arcturus are from Adams’ article (/oc. cit.), 

| where n.c. =not affected. 


| ELEMENT INTENSITIES 
In Sun In Sun-spots 
4258. 219 IN 
477 Fe 2 3-4 


| In the F type this blend is strong, of nearly average width, and 
| has sharp edges. In the G type it is broad and somewhat fuzzy, 
| the widening having occurred toward the longer wave-lengths. In 
the Mb type the edges are usually sharp. 

| My residuals, based on Palmer’s mean value A 4258. 43 are: 

| For F type, mean of 4 plates=—3.6km 

“ FsGPec,“ “3 “ m—5.7 Broad and fuzzy lines. 


K type, I =+4.1 
Mb “cc 4 =+5.0 
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These figures will no doubt be changed somewhat by more extensive 
measures. 

The shifting of the center of the blend indicates an increase in 
intensity and probably also a widening of A 4258.477 as we go from 
the F to the M types, which is in the same direction as from the 
Sun to the sun-spots. 

d 4283.169 Ca Intensity in Sun, 4 In sun-spots, 5 

The preliminary residuals seem to indicate a widening toward 
the violet in the G types, and toward the red in K5M and Mb types, 
but this cannot be considered as established until confirmed by a 
longer series of observations. 


Residuals (in km) 


F F8G G Gsk K K2M K5M Mb 
+3.2 —2.3 — 3.1 +0.5 +4.3 
+o.9 | —0.8 —1.7 +1.6 —1.7 +3.0 +1.2 
—0.3 —2.0 —1.8 +5.3 
—0.2 —3.2 


 4299.989 Intensity in Sun, 1N 
4300.211 Tt 3 In sun-spots, 2-3 
In the F type this line is very strong and sharp. It is much 
weaker in the G type, and still weaker in the Mb type. The F, G 
and K types give small positive residuals, while two plates of type 
KsM give small negative residuals. This shift, if confirmed by a 
longer series, would indicate in the M types a weakening of the Ti 
line sufficiently to make A 4299.989 IN effective. 
\ 4337-72 Cr Intensity in Sun, 3 In sun-spots, 4 
38.08 7% Intensity in Sun, 4 In sun-spots, 3 
.43 Fe Intensity in Sun, 1 In sun-spots, 1-2 
In the F type this line is sharp, strong, and of slightly greater 
than average width, and the residuals show it to have practically 
the wave-length of the Tz component. In the G type it is broad 
and fuzzy, and occasionally the Cr and Fe lines are separated by a 
darker region. In the M types the 77 line is very much weakened, 
in fact almost absent, making the Cr line look sharp and narrow. 


\ 4339-617 Cr Intensity in Sun, 4 In sun-spots, 5 
.822 Cr Intensity in Sun, 3 


| 
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This blend is very faint in the F type. In the G type it is fairly 
strong. In the M type it is very strong and sharp, and the com- 
ponents show a decided tendency toward resolution. Both com- 
ponents seem to increase in intensity, and the blend gives good 
velocities for types from G to M, there being no shift either way, as 
is shown by the following residuals: | 


G GsK K K2M and KsM Mb 
+z.8 | —2.5 +0.4 —o.5 km 

+0.3 

+0.9 —o.1I 

+2.1 +0.8 


Intensity in Sun In Sun-spots 
\ 4340.634 Hy 20N 15 weakened on red edge mainly. 
This line is stronger in the F type than in the G type. In the 
M type it is very weak, probably less than one-tenth of its intensity 
in the F type. There is a tendency to give positive residuals in the 
F and G types, and negative residuals in the M types, the residuals 
in each case being small, however. 


AsF F F&8GPec F8G G GsKkK K Ks5M Mb 
+3.9 | +1.8 | +5.8 | +2.4 | +121.§5 | | —0.8 | —1.0 —1.3km 
+0.8 | +3.7 | +2.3 | | —3.3 —0.4 
+1.9 +3.9 | +1.6 | +2.2] +1.3 | —o.1(K2M)) —1.3 
+3.9 +2.0 | +0.8 | +1.5 | —3.9 
+1.6 +1.9 | +0.8 | +0.1 | —0.8 
+2.2 +1.8 +1.4 
+1.5 | —2.2 
| —2.0 
+0.6 
$2.2 
| —2.1 
| 2.9 
+1.0 
+0.5 | 
+1.6 
—o.6 | 


In Sun In Sun-spots In Arcturus 


53.044 V ° 7-8 widened toward red. 


In the F type this line is faint and narrow. In the G type it is 
more than twice as strong, and it continues to increase in strength 
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through the K to the M types, where it is more than four times as 
strong as in the F type. The consistent trend and small range of 
the residuals indicate that this line can safely be used, if allowance 
is made for the type. The residuals show that the widening toward 
the red becomes quite marked in the K type, and increases through 
the K5M_to the Mb type. There is little doubt that this blend will 
also give good results in the F type. 


G Gs5k K K 2M andKsM Mb 
—3.7 | +0.8 —0.7 +1.6 +3.6 +3.4 km 
+1.0 —0.6 +3.1 +3.0 +4.9 
— +2.7 +2.2 +0.8 +3.0 +4.6 
+1.5 —1I.1 +2.8 +1.4 +1.0 +4.7 
—3.5 | +0.0 +2.6 +3.9 +3.9 
+3.% +6.5 
~2.2 
+0.8 
+2.0 
| +0.9 
+2.6 
+1.4 
+4.8 
+2.2 
—0.2 
+0.8 
+4.3 
+1.9 
+3.2 
+3.6 
Means —1.0 +o0.8 +2.2 +3.0 +4.7 


\ 4355.257 Ca? Intensity in Sun, 2 In sun-spots, 2-3, In Arcturus, 3 
509 Intensity in Sun, o 
In the F type this line is vv faint. In the G and K types it is 
usually good, being stronger in the K type, however, than in the G 
type. In the M type it is broader and generally fuzzy. 
\ 4371.14 Zr Intensity in Sun, 1 In sun-spots, n.c. 
.22 Intensity in Sun, 1 In sun-spots, ae 


5 Intensity in Sun, o In sun-spots, n.c. 


In Arcturus, 6 
.44 Cr Intensity in Sun, 2 In sun-spots, ee, 


This blend is frequently resolved into two components, the one 
toward the red being in all cases brighter than the one toward the 
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violet. They are faint in the F type, both components are stronger 
in the G type, and in going toward the M type the component toward 
the red alone seems to increase in strength. My residuals, which 
are principally for types K and K5M, give for the wave-length of 
this blend the value A 4371. 368, which is slightly greater than would 
be obtained from blending the component according to their inten- 
sities in the sun-spots (A 4371. 356). 
\ 4387.007 Ti? Intensity in Sun, 1 In sun-spots, o 

This line is best in the F type, but it has a slightly fuzzy appear- 
ance. It diminishes in brightness in the G and K types, and in the 
M types it is nearly gone. The few residuals that I have are all 
plus, but small, which tends to show that the solar companion at 
A 4387.220, IN, has but a slight effect in determining the position 
of the center of the blend. 

\ 4390.149 V_ Intensity in Sun, 2 In sun-spots, 3-4 In Arcturus, 3-4 

This line is very faint in the F type and increases in strength 
continuously through the G and K types to’the M type. For this 


G Gsk K K5M Mb 
—o.8 (Sky) —1.5 —2.7 +1.8 
—$.9 —1.9 —0.9 +4.0 
—3.7 —1.9 —0.5 +o.2 (Ma) 
—3.4 —4.0 —2.8 +2.6 

—4.5 +0.4 

— 3.2 | ‘+1.0 +0.0 

—3.1 +0.4 —o.6 

+1.5 +0.2 +1.6 

—2.2 +0.9 
—6.9 | (K2M) | 
| —0.4 
+0.9 | -—2.0(K2M) | 
—3.0 | 
—1.9 | 
| | 
—2.1 
| 
| —2.8 | 
| | 
| | 
| | 

Means —3.2 —2.7 —0.4 +1.3 


and 4390.178 for types K5M and M. My residuals, however, show 
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that the variation of the wave-length is progressive, the residuals 
changing from fairly large negative values in the G type to nearly 
zero values in the Ks5M type and positive residuals in the Mb type. 
The line is widened gradually toward the longer wave-lengths as we 
proceed from the G to the Mb types. 
A 4395.201 Ti Intensity in Sun, 3 In sun-spots, 3-4 | 
413 Ze jin Arcturus, 7 
This line increases continuously in width and intensity from 
the F to the Mb type. It is fairly sharp in all of these types, even in 
the Mb type where it is very broad and strong. Both components 
increase in intensity, but the residuals show a gradual and continuous 
shift of the center of the blend toward the red. It is an easy line 
to set on with the micrometer thread, and the residuals indicate that 
it gives excellent results. 


F F8G G GsKk K K5M Mb 
—3.9 —2.2 —o.8 +0.1 +0.0 +1.7 +2.4km 
—2.7 —4.1 +0.2 —1.8 —0.5 +0.9 $2.9 
—0.5 +0.3 +0.8 +2.9 
—1.8 —0.3 

—1.2 

+0.3 

+0.1 

+0.3 

+0.6 

Means —2.2 —3.2 —0.4 +0.0 


+1.3 +2.7 


4 4400.555 Sc Intensity in Sun, 3 
.738 V 1 In sun-spots, 2-3 In Arcturus, 3 


My value for the wave-length of the blend as obtained for tvpes 
K and K2M is somewhat greater than the value obtained by blending 
the components with the intensities 3 and 3. The residuals show 
the gradual shifting of the center of the blend toward the red as we 
go from the F to the Mb type. In the F type the line is narrow and 
very good, the vanadium component being absent. In the G type 
the vanadium component becomes effective. In the Mb type it has 
the same intensity as the Sc component, and the resulting blend is 
strong and broad. 

4 4406.810 V Intensity in Sun, 2 In sun-spots, 4 In Arcturus, 5 
This line is good in types G to Mb, and increases in strength in 


} 
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the same direction. In the F and F8G types it is scarcely visible. 
The preliminary residuals indicate no shift of its center. 
\4407.810 V Intensity in Sun, 2) 
.871 Fe 4) 
This line is good in types F to Mb, and it is not much wider in 
the latter than in the former. The residuals seem to indicate a 
slight shift toward the violet, but this is still uncertain. A large 
shift cannot be expected from such close components, and it will 
require a longer series of measures to show which component is 
increased in intensity, if they are not both increased. 


In sun-spots, 7-8, In Arcturus, 7 


 4408.364 V Intensity in Sun, 2 In sun-spots, 3 In Arcturus, 3 
.582 Fe 4, 
.683  V 2 
This line is good in types F to Mb. It increases conasiaerably in 
intensity and in width, and occasionally it is somewhat fuzzy in the 
Mb type. The residuals indicate that it widens symmetrically. 


6 6 


4416.636 V Intensity in Sun, o In sun-spots, 2-3 In Arcturus, 3 

.985 2 I 
In the F types the vanadium component is absent or at least not 
effective, and the line \ 4416.985 is very good. In the types G and 
K the vanadium companion begins to appear, and the blend is 
usually fuzzy. In the M types the vanadium component is strong, 
considerably stronger than the other component, which is also shown 
by the large negative residuals in these types. The value of the 
wave-length for the Mb type (A 4416.746) as obtained from the 
residuals is in fair agreement with the value of the blend according to 

intensities in the sun-spot. (A 4416.723). 


F F8G K Mb 
+1.1 +1.8 +2z.3 —16.5 
+0.5 —15.9 
—1.0 
+1.8 
—16.8 
—16.1 
4417.450 Ti Intensity in Sun, o) 
-577 Co oo sun-spots, In Arcturus, 3 
.740 oo 


844 Ti 3 


| 
° 
| 
| 
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| 
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In the F type the line is narrow and good, the 7i component 
» 4417.844 alone being effective, as is shown by the residuals. In 
the G type the line is still fair, but in the K and M types the com- 
panions at AA 4417.450 and .577 have become of about the same 
intensity as the line .844. In the K and M types the line is usually 
very fuzzy, and on good plates the two components are resolved. 
\ 4425.608 Ca Intensity in Sun, 4 
26.201 71 o Nd? In sun-spots, 2 In Arcturus 2 
The Ti component is absent in the F type. In the G type it 
shows but is quite faiat. In the K type it is as strong as the Ca 
line, while in the Mb type it is about twice as strong as the Ca line, 
i. e€., intensity 8. The two lines are usually completely resolved, 
but occasionally they are somewhat run together. 
4427.266 Ti Intensity in Sun, 2 In sun-spots, I 


.482 Fe nc. Arcturus, 8 


This line broadens somewhat from the F to the Mb types, and 
increases considerably in strength. It is usually very good in types 
F8G to Mb, and the residuals show that it gives excellent results. 
A larger number of residuals will be required to establish definitely 
the apparent slight shift of the center of the blend toward the violet 
in the Mb type. 
 4428.711 V-Cr Intensity in Sun, 1d? In sun-spots 2 In Arcturus, 2 

In the F type this line is absent. In the G type it is very faint 
but usually measurable . It increases in strength from the K to the 
M types and is a very good line. It is apparently shifted toward the 
violet in the M types, and this is also borne out by the trend of the 
few residuals that I have, and by my value of the wave-length (A 4428. 
684) which was found for types K to M. If it is double, as indicated 
by Rowland, it is probably the component toward the violet that is 
intensified. 


Gsk | 
+3.6 | +32.5 | —o.8 —3.3 | —2.5 km 
| | —2.6 
4433.948 Fe Intensity in Sun, 1 In sun-spots, 
34.168 Ti o Nd? In Arcturus, 2 


| 
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This line is very faint and fuzzy in the F type. In the types G 
to Mb it is fair. The wave-length found for it from the plates for 
types G5K to Mb is A 4434.066, which is in good agreement with 
the value » 4434.058 obtained by blending the components with 
the intensities given for them in the sun-spots. 

4435.129 Ca Intensity in Sun, 5 In sun-spots, 6 } 

.321 Fe 2 

This line is good, especially in types F and G. It increases in 
strength continuously from the F to the Mb types. My value of 
the wave-length, 4435.201, is in good agreement with the value 
4435.208 that would be obtained by blending with intensities 5 and 3 
respectively. This value and the trend of the residuals indicate a 
shifting of the center of the blend toward the red as we go from the 
F to the Mb type. This is in the opposite direction from that indi- 
cated by the intensities of the components as given by Adams for 
the sun-spot spectra. 


In Arcturus, 8 


F F8G G Gsk K Ks5M | Mb 
—3.4 —0.2 —1.0 +0.8 +1.9 +1.8 (K2M) +1.3km 
—2.5 —O.4 +3.7 
+1.0 
—0o.6 
+0.6 


4441.881 V Intensity in Sun, 3 Nd? In sun-spots, 5 In Arcturus, 4-5 

This line is good in types F to Mb, increasing in strength in the 
same direction. The residuals do not show any decided evidence 
of shift from type to type. 

 4443.976 Ti Intensity in Sun, 5 In sun-spots, 4-5 In Arcturus, 4-5 

This line is strong and sharp in the F type, being several times 
as strong as in the G type. It continues to diminish in intensity 
from the G to the Mb type, where it is quite faint and fuzzy. It 
is not good for measurement in the Mb type with the dispersion of 
the southern Mills spectrograph. 

d 4468.663 Ti Intensity in Sun, 5 In sun-spots, 4-5 In Arcturus, n.c. 

This is a good line in all types from F to Mb. It is quite strong 
in the F type. It seems to broaden somewhat toward the red in the 
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M type. The progressive trend of the residuals from negative | 
values in the F type to approximately zero values in the G5K type | 
and large positive residuals in the Mb type is very decided. 


F8G G Gsk K K5M Mb 
+6.8km 
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ORBIT OF THE SPECTROSCOPIC BINARY 
ANDROMEDAE 
By KEIVIN BURNS 

Andromedae (1900, 23> 326, +45° 56’) is a K-type star 
of photographic magnitude 5.0. The lines are very sharp, especially 
in the region of Hy. The binary character of this star was announced 
by Campbell? in 1899, and plates taken later in the same year showed 
the period to be 2045. The first eighteen plates were taken with the 
original Mills spectrograph,? Hy central, and the others with the 
remounted Mills spectrograph (A 4500 central; collimator, {/=724mm 
(28.5 inches); camera {/=521mm (20.5 inches); titanium com- 
parisons). The star is relatively fainter in the region of 4500, 1° 30™ 
exposure being required to give the same density as was obtained in 
15 o05™ with Hy central. However, a part of the increase is due to 
the greater focal length of the second camera. Definitive measure- 
ments seemed to show a discrepancy between the series taken with 
the first Mills spectrograph and the plates taken with the second 
Mills, and a complete series was secured with the new instrument in 
order to determine the nature of the disagreement. Following is a list 
of the plates of this star, and of check-plates measured in connection 
with the two series. 


No. Plate Ge. MT. Velocity 


I 546B | 1897 November 16.712 +11.05 km 
2 1015 B 1898 October 18.719 1.04 
1041D | October 26.828 8.50 
1322D | 1899 July 5-935 12.28 
1327A_ | July 11.956 2.19 
1331 D July 12.929 1.65 
1338D_ July 16.948 1.47 
1349D | July 24.995 13.02 
1369 C August 2.897 0.38 
1378 D August 8.976 4.67 
1459 C September 11.778 2.41 
1486B | September 21.744 12.12 
1511 C October 16.776 12.03 
| 1518 B October 17.769 9 .68 
1529 A October 24.705 
| 1539A November 1.680 10.53 
| 1546B November 6.734 9.30 


| 
| | 


t Astrophysical Journal, 10, 178, 1899. 2 Tbid., 8, 123, 1898. 
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346 KEIVIN BURNS 
No } Plate Gr. M. T. Velocity 
2544A 1902 September 14.946 12.26 
1904 July 26.928 12.88 
eee 3398 B August 16.791 13.70 
Serre 3407 E August 21.970 4.67 
September 4.786 13.02 
| 3455A September 18.975 5.66 
September 19 .go6 8.78 
3502 C October 24.829 
ee | 3564D November 22.735 12.83 
rere | 3093 A 1905 February 27.640 0.48 
|  3820A June 7.985 | 2.29 
3833 E June 13.910 
3837 E June 14.928 10.61 
3841 E June 18.949 15 .84 
June 19.935 14.40 
| 3848D June 20.933 12.09 
June 21.963 8.97 
| 3855 D June 25.974 3-09 
3858 D June 27.981 1.10 
| 3862A June 28 .939 0.34 
3865 D July 1.985 2.84 
3868 D July 2.922 4.24 
3895 B July 7.949 13.37 
| 3900 B July 13-979 7.33 
3914 B July 19.918 1.34 
3923 B July 26.920 II .93 
3928 B August 10.06 
oe 3931 F August 3.008 8.26 
«63935 A August 3-993 7.36 
| 3938 F August 7.012 3.42 
3948 D August 14.007 | 6.83 
3950 E August 14.935 g .80 
3980 E September 3-Q12 8.58 
3991 B September 7.Q17 | 75.37 
4001 A September 14.879 5-44 
4094 A October 27.801 3-52 
4321 D 1906 July 18.953 | 
4345 E uly 30.883 +10.47 
Venus 

Plate | Date Obs. Vel. Comp. Vel. 

1723A | 1g00 May 7 —13.37 km —13.28 km 

1995D December 24 | + 8.23 + 8.79 

1996B | December 24 | + 8.7 + 8.79 

2288A | October 21 | —12.13 

2289B October 21 | —I1.§2 —12.13 

13573A 1904 November 28 | —10.48 —10.45 

13574B November 28 — 10.52 — 10.45 

13750A 1905 March 8 | —12.77 — 12.75 

13871E July 2 | +13.67 +13.47 

+13-59 
13906E July 17 | +13.15 +13.30 


t Second Mills Spectrograph. 
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Mars 
Plate | Date | Obs. Vel. | Comp. Vel. 
867D 1898 August 8 — 7.12 — 7.17 
1006A October 11 —10.29 —10.48 . 
1900 December 4 —13.40 —13.84 
| 


1976C 


An uncompleted investigation shows that an underexposed plate 
of a star as measured by the writer gives a positive residual, and 
Plates 21, 27, 47, being underexposed, were omitted from the dis- 
cussion. Plate 29 was omitted on account of an irregular temperature- 
change. 

Using Plates 2-17, inclusive, the following preliminary elements 
were obtained by the method of Lehmann-Filhés: 

U =2045464 
M=17°5213 
T=J. D. 2414572.12 
w = 348°07 
K =6.85 km 
€=0.099 
V=+6.50km 
In the equations of condition 
x= 
5K 
z=[2469.] du 
u =[7.036] Se 
v=[2.543] 
w=[6.go2] dw 
n=[0.5] ”. 


The resulting normal equations are: 


too) | (0) | (0) | to | (0) | ton | fom) 


+16.000x% | +0.093y | +1.7282 | +1.109u4 | +1.343V | +1.131W| +1.330=0 


| +8.968 | +0.548 —3.942 | —0.337 | —0.323 +2.344 4 
| +6.044 —0.042 | +5§.011 | +5.806 —0.519 
| +6.356 | +1.024 | +1.425 — 2.002 
+5§-072  +5-673 | —0.057 
+6.748 | —1.366 


The values of the unknowns are: 
=—o0. 165 de = + 0.0333 
5K =—0. 368 5T = —0. 313 
du = +0.00743 dw = — 11°86. 
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The preliminary elements found by using Plates 19-54 (new 
Mills) are: 


U =204541 K= 7.58km 
H=17°5259 €= 0.13 

T =J. D. 2416682.97 V=+7.42km 
w = 293° 42 


In the equations of condition: 


x= 5V v=[2.989] 6 T 
5K w=[8.470] dw 
z= [4006] du n=[o.1] n 
u=[7.g01] 


[ea] | [ac] [ad] {ae} [af] (an) 


+32.000% | + 2.196y; —1.4162 | — 3.971% + 0.004w| +0.513=0 


| +13-379 | —1-255 — 5.039 | + 0.651 | + 0.842 | +0.580 
| +8.175 + 0.109 | + 8.go1 | + 9.834 | —0.525 
+14.933 | — 0.351 .— 0.753 | +0.170 
+12.51r | +13.587 | —0.557 
+15.012 —0.579 
from which 
=—0.126 de= —0.0438 
6K =—o.511 5T = +0.486 
5u= +0.00459 = — 7.62. 
FINAL ELEMENTS 
OLD SERIES (1899) NEW SERIES (1905) 
U =204538 2015.46 
M=17°529 +0.014 17°521 +0.006 
T =J. D. 2414571.81 +0.37 2416683. 46 +0.39 
w = 336°2 +7.6 301.0 +7.6 
K=6.48 km +0.19 7.07 +o0.16 
€=0.132 +0.038 0.086 +o0.018 
V =+6.34 km +£0.13 7.43 km +0.10 
a sin i =1,810,000 km 1,990,000 km 
Probable error of single obsn., = +0.50 km +o.51 km 


The change in elements, if real, may account for the rather large 
probable error of a single plate. The excellent lines in this star would 
lead one to expect somewhat better results. The large probable 
errors of the elements are due in a measure to the small range in 


velocity of the star. 


as The resulting normal equations are: 
| 
i 
i] 
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By applying a constant correction to one series and changing the 
period to 204523 the observations can be satisfied, after a fashion, 
but there is no apparent reason why either step should be taken. At 
best the probable error is materially increased and the first observation 
is not represented. A series of plates taken after the lapse of a few 
years would no doubt establish or disprove the reality of the change 


16 km 


T T T T T 


o days 10 days 20 days 


Fic. 1.—Barred circles represent observations of the first series; open circles those 
of the second series. The dotted line is the velocity of the center of mass for the old 
series; the continuous line that for the new series. 


in elements. Such a series should be taken in a single cycle of 2045 
if possible, in order to eliminate the effects of changing elements and 
error in period. 

The discrepancy of the two sets of elements, if established, will no 
doubt be found to be due to a third body It is quite likely the line 
of apsides will be found to rotate, as the difference between @ in the 
two sets is some five times the probable error. The variation in V is 
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probably real, as the check-plates show no decided difference between 
plates taken with the first and second Mills spectrograph. 

In the figure the diameter of the small circles represents the prob- 
able error of a single plate. The epochs for the velocity.curves are 
those given under the heading “final elements.” 


Lick OBSERVATORY, 
Mount Hamilton, October 10, 1906. 
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THE TEMPERATURE OF THE MOON 
By FRANK W. VERY 


In a paper with the above title presented at the Ithaca meeting of 
the Physical Society, June 29 to July 3, 1906, of which an abstract 
appears in the Physical Review,' Mr. W. W. Coblentz announces 
the discovery that various common minerals which reflect only diffu- 
sively in the region of the spectrum of shorter wave-length than 8 
have ‘“‘bands of metallic reflection from 8.5 to 1o#,”’ and he draws 
the conclusion that “the Earth and the Moon may be considered 
selectively reflecting surfaces with a band of metallic reflection from 
8.5 to 10m.” 

Admitting the value of this part of his conclusion, the next step 
of the argument does not necessarily follow. ‘The radiation from 
the Sun,” he asserts, “is so much more intense than that of the Moon 
that, with a reflecting power of 50 to go per cent., at 8 to 10 # one would 
expect the amount of reflected energy to be, at all times, greater than 
the direct radiation from the Moon.’ On the assumption that the 
extreme infra-red maximum in the energy-curve of the lunar spectrum 
is due to metallic reflection, Dr. Coblentz arrives at the result that 
‘“‘Langley’s first conclusion of a lunar temperature of—225° C. again 
obtains.” 

This extension of E. F. Nichols’ discovery? that quartz has bands 
of metallic reflection beyond 8 » by which Dr. Coblentz proves that 
the property is shared by various common silicates, is of interest as 
a physical fact, but it cannot be accepted as proving “the radiation 
from the Moon at 8.5 # to 10 # to be reflected from the Sun,” nor as 
indicating that the temperature of the sunlit Moon is about 225° C. 
below zero, for the following reasons: 

1. If the Moon reflected specularly, there should be a maximum 
of heat in the lunar image at first quarter at a point seven-tenths of 
the distance from the center of the lunar disk to the west limb. In- 
stead of this, the maximum heat is at the west limb, where it should 

23, 247, September 1906. 

2 Physical Review, 4, 297, 1897. 
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be if the Moon radiates as a hot body, heated by the Sun’s rays. 
Indeed, a comparison of the isothermals of the lunar surface in Figs. 
11 and 12 of my Prize Essay on the Distribution of the Moon’s Heat 
and its Variation with the Phase,’ where the Moon’s age is respec- 
tively 7.7 and 10.6 days, suggests that possibly the maximum point 
may be a little on the farther side of the Moon at first quarter. 

2. The spectral energy-curve of the Moon’s radiation is not a 
band from 8.5 to 10 but a continuous spectrum. After elimination 
of a portion of shorter wave-length than 3 » which agrees in form with 
the corresponding solar curve, and is obviously reflected, the ]unar 
curve exhibits a similarity in its limits, and when corrected for the 
absorption by the Earth’s atmosphere, it also shows a similarity in its 
form with the spectral energy-curve of a heated body. 

It is true, the observed lunar curve has its maximum in the region 
of the bands discovered by Nichols and Coblentz, but this curve is 
obtained after the radiation has suffered an enormous absorption by 
atmospheric water-vapor in the region of the great water bands 
between 5 and 8. These bands transform an original maximum in 
the lunar spectrum, if it could be observed outside our atmosphere, 
into a minimum. When corrections for atmospheric absorption are 
applied, the restored curve is found to be that appertaining to bodies 
not much below the temperature of boiling water; and as the measure- 
ments which have been made in the spectrum are integrations includ- 
ing the radiations from extensive areas on which the Sun is shining 
at a low angle, and which are much below the maximum temperature, 
the latter may easily exceed 100° C., as I have shown it probably 
does in my paper on ‘The Probable Range of Temperature on the 
Moon.’’? 

These statements may be proved in another way, by measuring 
the radiation at selected points in the lunar spectrum beyond 10, 
where the atmospheric absorption does not interfere very much. At 
such points in the lunar spectrum, although the energy is small and not 
easy to measure, there is substantial agreement with the radiation of 
screens containing hot water. 

3. The Moon reflects diffusely about one-eighth of the solar rays 

t Published by the Utrecht Society of Arts and Sciences, The} Hague, 1891. 

2 Astrophysical Journal, 8, 199 and 265, 1808. 
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between 0.3 and 3.0, giving a spectral energy-curve of reflected 
radiation about half as high as the observed extreme infra-red maxi- 
mum. But at 8.5 to 10, the energy in the solar spectrum is hardly 
one-hundredth part as great as at 1. Theory as developed by Wien, 
Paschen, and others, gives a ratio much smaller than even this, a 
point on which I have commented in my paper on “The Solar Con- 
stant.”? Taking the measured ratio of intensities, however, a lunar 
maximum at about 9 #, if due to solar rays of that wave-length specu- 
larly reflected, should bear a ratio to the diffusely reflected maximum 
of shorter wave-length, determined by this ratio of original intensities 
in the given regions of the solar spectrum, by the ratio of reflecting 
powers which may approach 1:8,? and by the ratio of the solid angle 
filled by the Sun to the hemisphere, or approximately 

(45 X8 X 100,000) : 1 =8,0co: I. 
Owing to the roughness of the Moon’s surface, it cannot reflect like 
a polished spherical mirror, and an unknown correction for the spread- 
ing of the specularly reflected rays remains to be applied; still, there 
is, no doubt, abundant radiant energy to affect an instrument of 
small aperture if sufficiently sensitive. A search for this small solar 
image in rays of 8.5 to 10 wave-lengths should be made at the 
proper point in the lunar image at a distance from the center of the 
disk, 

V =cos 4 Moon’s elongation, 

with a delicate heat-measuring instrument, covered by a screen with 
a pin-hole aperture. There is a strong probability that it will be 
found, whenever the experiment is made under the right conditions. 
But this solar image at a circumscribed point in the lunar image 
formed by a concave mirror, is not the source of the spectrum observed 
at all parts of the lunar disk. This spectrum must be due to rays 
emitted from a heated body. 

4. It is not true that the drop in lunar radiation during a lunar 
eclipse “from a maximum to a minimum in about 1.5 hours... . 
would seem to indicate that the observed radiation is reflected from 

t Monthly Weather Review, August 1901; reprinted as Weather Bureau‘Publica- 
tion, No. 254 (see p. 23). 


2 I note that Mr. Coblentz speaks of the reflection of short waves as “practically 
zero,” but this is an exaggeration. 
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the Sun, since the lapse of time is so short.”’ For, let a mass of rock 
of considerable size, having a boring in which a thermometer is 
inserted, be heated in an oven until a nearly uniform temperature of 
between 100 and 200° C. is attained throughout its mass, and let it 
then be transferred to a receiver (preferably vacuous, to more nearly 
resemble lunar conditions) surrounded by a freezing mixture. I have 
never made the experiment in exactly that form, but have approached 
near enough to it to know that in an hour and a half a surface 
pellicle of rock will have cooled until it radiates only feebly, while, 
nevertheless, the interior of the mass is still hot. Under these cir- 
cumstances, if the body is put back into the oven, its surface tempera- 
ture will be restored quickly, because only a thin layer has to be 
reheated. 

Now, this is just what happens on the Moon during an eclipse. 
It has taken two weeks of sunshine to produce the high temperature 
of the full Moon; but after the eclipse is over, the radiation is not 
much smaller than before. A few hours of sunshine replenish the 
thin layer cooled during the eclipse. 

I have made several measurements of the heat derived from the 
image of the eclipsed Moon. In one of these “the umbra of the 
eclipsed Moon was found sufficiently hot to appreciably affect a bolo- 
meter covering as little as one thirty-fourth of the Moon’s disk, by an 
amount equal to about 1 per cent. of the heat which was to be expected 
from the full Moon, the radiations being of a quality to which glass 
was impermeable.’’* Other observations showed a_ progressive 
diminution of this small remnant during totality. 

In my “Photometry of a Lunar Eclipse”? it is shown that the 
light of the eclipsed Moon may be as small as 

© .0000000042 


of that from the full Moon. These facts prove that there is no resem- 
blance between the behavior during an eclipse of the infra-red rays 
from the Moon of longer wave-length than 4, and of those rays which 
are undoubtedly reflected from the Sun. 


WeEstwoop, Mass., 
October 1906 


1 Prize Essay on the Distribution of the Moon’s Heat, p. 40. 
2 Astrophysical Journal, 2, 293, 1895. 
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ON THE CONNECTION BETWEEN DISTURBED AREAS 
OF THE SOLAR SURFACE AND THE SOLAR CORONA 


By A. L. CORTIE 


That there exists a general connection between the state of dis- 
turbance of the Sun’s surface and immediate surroundings, and the 
solar corona, is well established. There is a great similarity in 
type in the photographs of the solar corona of the years 1870, 1882, 
1893, and 1905, all of them years of maximum solar activity, marked 
by many and great outbursts of sun-spots and prominences. A 
quite different type of corona corresponds to the years of minimum 
solar activity, as witness the photographs of 1878, 1889, and 1go1; 
while yet again a type of corona intermediate between those of 
years of maximum and minimum solar activity is associated with 
the years of waning sun-spots and prominences, 1886 and 1896. 
But it is open to question whether the sun-spots or the prominences 
are the more intimately connected with the streamers which consti- 
tute the characteristic forms of these variations in coronal type. In 
the Stonyhurst photographs of the solar corona of 1905 August 30, 
taken at Vinaroz, Spain, the streamers seem in general to mark the 
regions of the prominences rather than of the sun-spots. The 
longest streamers photographed, consisting of two long wings with 
an intermediate shorter streamer, extend from latitude — 40° to 
—9go0°S., outside the limits of the spot zones, while another streamer 
is placed near the Sun’s north pole. Moreover, the general tendency 
of all the more marked streamers is poleward, while the fine greup 
of prominences in the northeast quadrant is manifestly associated 
with three fine streamers. In the lower corona the complicated 
structures of arches and vortex rings are attached to the prominences. 
In this connection it will be interesting to quote from Mr. Ever- 
shed’s account of the prominences of 1905:' ‘‘The polar regions of 
the Sun have again been nearly quiescent, although the high latitude 
zones of activity have made a distinct advance toward the poles. 
These prominences were found to be most frequent between the 
parallels 65° and 70° in both hemispheres, and the limits of promi- 
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nence-formation at the close of the year may be put at +75° and 
—75°.”! It would seem that the poleward tendency noticed in 
the streamers of the corona, in the main, was also characteristic of 
the prominences observed during the year, which again were most 
frequent in latitudes greater than those of the spot-zones. 


Sun’s Axis 


Ss 


Fic. 1.—Positions of centers of sun-spot activity 1905, August 30. A, B, C, D, 
are positions of spots visible on the day of eclipse. The 1 within a dotted circle is the 
sun-spot center, January 5—July 14. 


In the photographs of the corona of 1905 August 30, the 
sun-spot zones are marked by some straight radial bright rays in 
the southwest quadrant, and by some beautiful plumes in the south- 
east quadrant.? These rays-and plumes are well shown in the third 

* Monthly Notices, 66, 227, February 1906. 

2 See Capt. Carpenter’s drawing from the photographs taken by the party from 


the U. S. Naval Observatory. Astrophysical Journal, 23, Plate IX, opposite p. 13¢. 
1906. 
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plate of the Stonyhurst series, exposed for 15 seconds near the begin- 
ning of totality on a Schleussner’s “Observatory” plate. The 
instrument employed was the full aperture of the 4-inch lens of the 
20-foot coronagraph belonging to the Royal Irish Academy. In 
the: discussion of the results of the eclipse, presented to the Royal 
Irish Academy, it was shown that the area on the solar surface to 
which the projected images of these plumes converged was situated 
in the southeast quadrant, the mean latitude of the position being 
approximately —21°S. Four sun-spot groups were visible on the 
Sun’s surface on the day of the eclipse, and the largest of the four, 
marked C. on the diagram, with an area of one-thousandth of the 
Sun’s visible disk, had a mean latitude —20°S., and was removed 
about 41° from the Sun’s east limb. Moreover, of the two limbs, the 
east limb on the day of eclipse had the greater number of sun-spot 
centers of greater activity during the year in its vicinity, including 
among them, though on the invisible hemisphere of the Sun and 
removed some 51° from the limb in latitude — 16°, that center which 
had been the seat of the outburst of the great sun-spot group of 
February 1905, the greatest observed for thirty years. If the plumes 
converged to an area behind the visible disk, then it was possible 
that they were connected with the great February spot; if to an 
area on the visible hemisphere, the possibility was that they were 
attached to the spot seen on the day of the eclipse, especially as it 
was near the place of a large group, marked 3 on the diagram, visible 
to the naked eye during the preceding July. Since writing the 
memoir for the Transactions of the Royal Irish Academy, the life- 
histories of the spots and faculae that occupied these two regions 
of disturbance have been carefully studied from the Stonyhurst 
sun-spot drawings. The results of this study are set forth in the 
following tables, and the discussion which accompanies them. The 
measures, unless otherwise stated, have been made on the Stonyhurst 
drawings. 

After this date the region becomes quiescent and remains so 
during the period of the eclipse. In the next table the region of a 
great spot visible during July is similarly treated, the spot marked 
3 on the diagram. 
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TABLE I 
1905 REGION OF DISTURBANCE ON THE SUN CONNECTED WITH THE GREAT 
FEBRUARY SPOT 


Appear- . | Mean Mean 
Date, 1905 | Longitude | Latitude Remarks 


I January 5.42 | 319°52 | —18%60 | A small spot, built of great spot. 
January 11.44 | 322.63 | —18.39 A group of small spots. 

II January 31.40 | 329.30 | —17.50 | A very large spot. 

Ill March 2.46 | 319.34 | —18.75 | A fairly large spot. 

IV March 27.66 324.35 | —16.30 | The spot very much smaller. 


April 6.33 320.71 | —20.50 April 5 a single dot; April 6 positions 
| 318.71 | —26.50 of two dots in bright faculae near 
W. limb. 
V May 3.48 325-75 | —22.96 Faculae near W. limb. 
VI May 29.66 320.88 | —26.49 Very faint faculous patch near W. 
limb. 
VII June 15.29 | 331-19 | —22.20 | Small spot in faculae near the posi- 
tion of the great spot, died on 
June:2r. 
June 25.34 327.66 | —25.84 | Bright faculae in region of small spot. 
VIII July 14.32 320.51 | —29.74 | Bright faculae E, about same region 
as that of June 25. 


TABLE II 
1905. REGION OF DISTURBANCE ON THE SUN CONNECTED WITH A GREAT 
JuLty Spot 
—— i i = 
A - M M | 
I May 17.34 68°31 | —15°23 | Leading spot of an extended large 
group. 
53-81 | —16.23 | Following spot of the same group. 
Il June 15.29 70.25 | —16.80 | Leading spot of the group. 
53-25 | —16.21 Following spot of the group. 
III July 14.32 52.52 | —15.65 | Center of fine group of scattered spots 
visible to the naked eye. Position 
of following spot of former group. 
IV August 6.55 61.24 | —16.78 | Center of a large spot. 
V August 30.33 60.20 | —18.70 Biggest spot on day of eclipse. 
Greenwich measure. 


In studying this group, a set of measures, kindly supplied to me 
by Mr. Maunder, of Greenwich, has been of great assistance for 
purposes of identification. This region was disturbed, according to 
the Stonyhurst drawings, from May 11 and was active on August 
30, the day of the eclipse, and afterward. Therefore it follows that 
the connection, if any, between the coronal plumes and a disturbed 
area on the Sun must be postulated of this second area. Is the con- 
nection merely one of coincidence of position, and not a real con- 
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vergence of the plumes to the spot area? The probability of the 
reality of the connection seems greatly enhanced by the study of a 
similar region in 1893, which was the area of convergence of a like 
system of rays or plumes in the lower corona of April 16. The 
material used in this last table has been taken from the Greenwich 
volume of Photographic Results of that year. The comparison is 
made with Professor Schaeberle’s discussion of the eclipse photo- 
graphs in the ‘“‘ Report of the Total Solar Eclipse of April 16, 1893” 
(Contributions from the Lick Observatory, No. 4). 


TABLE III 
1893. INTERMITTENTLY DISTURBED REGION OF THE SUN, MARCH 15—-NOVEMBER 16 
Appearance Date, 1893 er og | Mean Longitude | Mean Latitude 
I March 15-21 2881 42°10 —8°16 
II April 5-18 2014 44.56 —8 .46 
Ill May 3-10 2959 45.86 —7.54 
IV Sept. 17-27 3187 49 .30 —8.08 
V | = Nov. 12-16 3275 47.02 | —8.26 


This area, which was continuously active from a month before 
the eclipse to nearly a month afterward, and again broke out into 
disturbance in September and November, was placed on the eclipse 
day about 34° from the Sun’s west limb with position angle 237°. 
In Professor Schaeberle’s Skeleton Diagram of Corona, Plate IX, 
facing p. 89 (loc. cit.), is an object marked 7, of which we read 
(p. 100, loc. cit.): ‘‘The heaviest of a number of much inclined and 
conspicuous streamers issuing between P. A. 230° and P. A. 250° 
of the Sun’s outline . . . . on account of the numerous crossing 
of streamers from greater position angles the individual directions 
cannot be ascertained with certainty. At about P. A. 210° the 
bunching up from intensities is so great that from height =10' to 
height =15’ an apparent increase of density in the corona takes 
place.” In his discussion of results Professor Schaeberle distin- 
guishes coronal arches and coronal streamers; but, so far as can be 
made out from a comparative study of the eclipse photographs of 
Professor Schaeberle and those of the English observers, Mr. Kearney 
and Mr. Taylor, the structure described in the above quotation is 
very like that named as plumes on the Stonyhurst plates of 1905. 
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Without subscribing entirely to the mechanical theory of the solar 
corona as advocated by Professor Schaeberle, and above all to the 
statement (p. 126, /oc. cit.) that “‘there is no evidence to indicate that 
either electricity or magnetism has anything to do with the arrange- 
ment of coronal matter in the Sun’s neighborhood;”’ and, moreover. 
admitting the sorting effect on the lighter materials ejected from the 
Sun due to the pressure of light, yet, in any discussion of the consti- 
tution of the corona, the great part played by the ejective forces in 
the Sun, actively displayed in sun-spots and prominences, must be 
fully admitted, and any theory which rejects or overlooks the effect 
of such forces must be regarded as incomplete. The present paper 
gives highly probable evidence that not only ia general is a character- 
istic type of solar corona associated with sun-spot and prominence 
activity, but that definite structures in the corona are associated 
with definite areas of activity of sun-spots and faculae. 


STONYHURST OBSERVATORY, 
July 27, 1906. 
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Minor CONTRIBUTIONS AND NOTES 


VARIABLE RADIAL VELOCITY OF 6 CAPRICORNI 


The following observations of the velocity in the line of sight of 8 Capri- 
corni show it to be a spectroscopic binary of rather short period. 
1906, September 25, Radial Velocity, —30 km 
October 3, “ —79 


The spectrum of this star belongs to Miss Maury’s class Xa,b. The 
lines, although numerous, are rather broad and not suited to accurate 
measurement. 


V. M. SLIPHER. 
LOWELL OBSERVATORY, 


October 5, 1906. 
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STARK’S THEORY OF RADIATION. 


During the present year considerable work on the radiation of light 
by canal rays has been done by J. Stark and his co-workers? at Gottingen. 
Their experimental results are interesting, and some of the conclusions 
which Stark draws from them, if justified, are of very great importance. 

It has been known for some time that canal rays consist of positively 
charged particles, whose mass is of the order of magnitude of that of the 
atom of the gas in which they are produced; that they move with a high 
velocity (107 cm sec., or more); and that light is emitted by that part of the 
tube through which they move. If this light, wholly or in part, comes 
from the moving particles, it should exhibit the ‘‘ Doppler effect’? when 
viewed in a direction parallel to the motion. Stark has observed the spec- 
trum of the canal rays in hydrogen, nitrogen, potassium, and mercury, 
and finds the effect only in case of line-spectra, the band-spectra showing 
none whatever. This indicates that line-spectra owe their origin to the 
positive ion. He finds also that all the lines belonging to the same series 
exhibit the same Doppier effect, while different series may show the effect 
in different amounts. In mercury, for example, the series of triplets give 
roughly twice the displacement shown by certain other lines which he 
arranges in a series of doublets; while the line A 4078.1 gives a displace- 
ment greater than that of the triplets. Assuming the mass of the moving 
particle as that of a mercury atom, knowing the cathode fall of potential 
in the tube, and measuring the Doppler effect, he finds that the series of 
triplets is emitted by atoms which have lost two electrons; his series of 
doublets, by atoms which have lost only one; while the line A 4078.1 is 
emitted by atoms which have lost more than two electrons. The hydrogen 
series and the principal series of potassium, both of which consist of doub- 
lets, are similarly shown to be due to atoms which have lost one electron. 

Stark assumes that band-spectra owe their origin to the system com- 
posed of the positive ion and one or more electrons when in the act of 
recombining to form a neutral atom, and he supports this idea by some 
very ingenious experiments with a mercury tube. 

Another question taken up by Stark, one of fundamental importance, 
is the cause of those vibrations of the electrons which give rise to light- 

t Physikalische Zeitschrijt, 6, 892, 1905; 7, 249, 251, 353, 355, 564, 567, 1906. 
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waves. The most natural assumption to make is that the collision or. its 
equivalent which expels an electron from the neutral atom, thus forming 
the positive ion, sets up violent oscillations of the remaining electrons, and 
that these gradually lose this energy by radiation until another collision 
gives them a fresh supply. He points out that if this be the only cause 
of radiation immediately behind the cathode the slower canal particles 
ought to radiate more energetically than the faster ones; for the latter are 
evidently formed farther in front of the cathode than the former, and 
hence just behind the cathode the fast moving ones have been radiating 
for a longer time, and the amplitude of the vibration of their electrons 
would accordingly have decreased more than in the case of the slower 
ones. Besides, positive ions are evidently also formed in the negative 
glow, and hence pass through the Crookes-dark space; this dark space 
ought then to show the line-spectra, which it does not at all in case of 
hydrogen. Stark’s photograph also shows that between the normal line 
and the displaced line, there is a decided minimum of intensity, indicating 
that the slow particles are very feeble radiators. 

To explain these facts, Stark suggests that the cause of the radiation 
is to be sought in the velocity of the ion with reference to the ether. Some 
idea of the mechanism of this may be formed by supposing that the “elastic 
forces’? acting on the electron inside the ion depend upon the relative 
motion of the ion and the ether. His observations indicate that this 
force is diminished with increasing relative velocity; and, furthermore, 
that the force in the direction of motion is diminished more than at right 
angles to the motion. If this is so, then it is quite conceivable that when 
an ion is in rapid motion relative to the ether, its electrons may be caused 
to oscillate in such a manner as to send out light-waves. The pressure of 
the light emitted by such an ion will decrease its velocity, and by fal- 
ling on other atoms of the gas will increase their velocity if this be less 
than that of the radiating ion; here is, then, a cause which tends to pro- 
duce an equalization of the internal energy of the ions and their energy 
of translation. 

Stark’s spectrograms show that the minimum of intensity between the 
normal line and the displaced line is wider the shorter the wave-length, 
which indicates that the velocity necessary for the radiation of the shorter 
wave-lengths is greater than for longer wave-lengths, other things being 
equal. In case of mercury, the line A 2536.72 (one of his series of doub- 
lets) shows a very narrow minimum, the triplets show a wider minimum, 
and the line A 4078.1 a still wider one. The line A 2536.72 should accord- 
ingly appear with relatively low velocity of the ions (low mean tempera- 
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ture), the triplets should require a somewhat greater velocity (higher 
temperature), and the line A 4078.1 a still greater velocity. This has 
actually been verified, since the line A 2536.72 may be seen in the Bunsen 
flame, while a considerable pressure in the mercury arc is necessary to 
give the line A 4078.1 with any intensity. 

That emission of light as a result of collisions is possible is evident 
from the fact that all the spectrograms show the lines in their normal 
positions as well as the displaced lines. Stark seems to regard this as 
“irregular radiation” or ‘“‘luminescence,” while the radiation due to 
translation is regarded as ‘‘regular’” or ‘‘pure temperature radiation.” 


J. A. ANDERSON. 
Jouns Hopkins UNIVERSITY. 


Resolution of Spectral Lines by Means of Interference Points Produced 
by Plane-parallel Plates... By E. GEHRCKE and O. VON BAEYER. 
(Communication from the Phystkalisch-Technische Reichsan- 


stalt.) 

Since the advent of spectroscopic apparatus of high resolving power, 
the structure of spectral lines has been made the subject of numerous 
investigations. A comparison of the results obtained with different types 
of apparatus showed such poor agreement among themselves that it was 
quite impossible to decide upon the number of components accompanying 
well-known spectral lines. The discrepancies and contradictions were 
especially marked when the results obtained with the Lummer and Gehrcke? 
interference plates were compared with those obtained by means of other 
forms of interference apparatus. As, for example, such lines as the cad- 
mium red (A 643.9 ##) which the echelons and the Fabry and Pérot# inter- 
ferometers gave as single, appeared to be accompanied by a large number 
of components when analyzed by means of the Lummer and Gehrcke 
plate. It was suggested by Fabry and PérotS that many of these sup- 
posed components might, in reality, be nothing but ghosts occasioned by 
imperfections in the interference plates. From all this it is obvious that 
some criterion by means of which it would be possible to decide upon the 
position and number of components was highly desirable. In their efforts 


t Annalen der Physik, (4) 20, 269-292, 1906. 

2 Ibid., (4) 10, 457-477, 1903. 

3 L, Janicki, ibid., (4) 19, 36-79, 1906. 

4 Annales de Chim, et de Phys., (7) 22, 564, 1901. 
5 Journal de Physique, (4) 3, 28-32, 1904. 
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to find such a criterion the authors were led to the following considera- 
tions: 

Let it be supposed that a parallel beam of monochromatic light of 
wave-length A be first reflected from a Lummer and Gehrcke plate lying 
in a horizontal position and then from a similar plate standing vertically. 
The resulting phenomenon as viewed in a telescope would be seen to con- 
sist of a number of “interference points” arranged in horizontal and 
vertical rows. Let it first be assumed that the horizontal plate (I) be 
perfect, and that the other plate (II) be defective in such a manner as to 
produce a ghost. The resulting interference pattern would take the form 


1 Fic. 2 


shown in Fig. 1, where the circular disks d represent true interference 
maxima, while the squares g represent ghosts. If on the other hand Plate 
II be perfect and Plate I defective, it is obvious that the condition of affairs 
shown in Fig. 2 would exist. This means, then, that ghosts will appear 
only in the horizontal and vertical rows and not along diagonals. The 
only condition under which a ghost could appear on a diagonal would be 
in case the imperfections in both plates were absolutely identical. This 
state of affairs could, however, be detected at once by the concomitant 
existence of points in the vertical and horizontal rows completing the 
rectangle. 

If, now, the source of light be changed to one giving rise to the wave- 
lengths A and A+dA (both plates being considered perfect), the resulting 
arrangement of interference points would be that shown in Fig. 3. Here 
the shaded disks ¢ represent the interference maxima of the components 
A+daA. Thus it is evident that true components are not accompanied by 
corresponding points in the vertical and horizontal rows. To show how 
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this arrangement would work under the conditions actually met with in 
practice, let it be supposed that, as before, the two wave-lengths A and 
A+dA are present in the incident light and that both plates be defective— 
each giving rise to one ghost. In such a case the interference points would 
be arranged as in Fig. 4. Here d represents an interference point due to 
A; g and g, are the ghosts of this point; c is the interference point of the 
component A+dA, and gi and g’ are its ghosts. From the fact that there 
are no points on AB and FG completing the rectangle of which d and c 
are diagonally opposite corners, it is clear that c can be put down as a 
true component to the exclusion of g,, g2, gi, and g%. 

In order to test these inferences the authors set up an interference 
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apparatus of the kind described, using plates which were known to be 
defective. The magnitude of these defects is shown in the following table; 


Variations in 


Plate | | Length in cm 
| 1.53 | 20.0 | 0.998 14X 
1.51 20.0 0.503 


| -53 15-0 | 0.317 < 


In order to obtain photographic records in a reasonable length of time, 
the authors were forced to use Heraeus quartz lamps containing various 
metals. The remarkable consistency of the results obtained with different 
plate-combinations is shown in the following tables, chosen at random 
from a long list of results presented by the authors. In addition, the 
best results obtained with the echelon by Janicki and those obtained by 
Fabry and Pérot are given for the sake of comparison. 
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GREEN MErcurY LINE 
5461) 

GEHRCKE AND BAEYER JANICKI 

Plate A andB | PlateB&C) PlateC& D | Fchelon Silvered Plates 
—2.40*% | —2.42 —2.41 —2.32 —2.24 
| ~6.58 | —1.03 —0.99 —o.76 
—0.72 | —o.71 | —0.55 —o.66 —0.52 
+0.08 
+o0.81 | +0.88 +0.93 +0.88 +0.82 
+1.25 | +1.37 +1.40 +1.33 +1.36 


* The results are expressed in terms of 10-7 mm. 


In accord with all previous observations, the authors found no com- 
ponents accompanying the red cadmium line (A 6439). 

To show the effectiveness of this new method of telling true components 
from ghosts, the authors state that in their examination of the green mer- 
cury line (A 5461) by means of plates B and C they were able to count at 
least nine ghosts—and still the position and number of true components 
as obtained with these plates is almost identical with that obtained by 
means of entirely different forms of interferometers. As the object of 
this review is merely to present the principles involved, it will be necessary 
to refer to the original article for a detailed account of the results obtained. 

The authors further point out that their method which is simply a modi- 
fication of the well-known ‘‘crossed prism method,” might equally well be 
applied to the grating and echelon. By their very ingenious application 
of this method the authors have most assuredly proved their point; and 
it must be highly gratifying to all spectroscopists to feel that it is at last 
possible to determine with definiteness the structure of spectral lines. 


A. H. Prunp. 
Jouns Hopkins UNIVERSITY. 


A Popular Guide to the Heavens: A Series of Eighty-three Plates 
with Explanatory Text and Index. By Str Rosert S. BALL. 
8vo, pp. 95, with 83 plates and 12 key-maps. London: George 
Philip & Son, 1905. 155. 

This volume is the result of a revision of the author’s Adlas of Astronomy, 
published in 1892. Besides replacing many of the old illustrations with 
examples of more recent work, many new plates have been added. The 
new subjects are well chosen and are excellently reproduced. It is to 
be regretted that all of the drawings of the Moon have been retained. 
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The exaggerated contrast and unlikeness to what is actually seen in a 
telescope makes them appear grotesque, and it is doubtful if they have 
any advantage for purposes of identification over the three photographic 
reproductions added to the new edition. There are nineteen lunar plates 
altogether, accompanied by fifteen full-page key-maps. Half this number 
would have been ample. 

Among many features valuable to the amateur and the general reader are 
to be especially noted the index to planetary phenomena for the next fifty 
years (fifteen years would have been sufficient), and the star maps. The 
latter are admirably adapted for ease in identification of the constellations 
and the brighter stars. While the book is of exceptional value to the 
amateur and the general public, it will also be found a useful addition to 
the professional library. S. B. B. 


Fiinfstellige mathematische und astronomische Tajeln. Von F. Brp- 
scHOF und A. ViraL. Wien und Leipzig: Franz Deuticke, 
1905. Pp. 219. M. 7.50. 

These tables are particularly intended for the use of astronomers, 
geographers, and mariners. The logarithms of the numbers from 1 to 
10,000 are so arranged that the arguments are also expressed in arc or time, 
as in many of the older tables. Addition and subtraction logarithms fol- 
low. The trigonometric tables depart from the usual arrangement in add- 
ing the values for the cosecant and secant. A total of fifty-eight tables 
is given, of which about fifty would be of frequent service in astronomical 
work. Among these may be named Bessel’s refractions, table for reducing 
circum-meridian altitudes, and for latitude from Polaris; a compressed 
table for computing precession, with values for 1900; tables for approxi- 
mate solution of Kepler’s equation, for computing the true anomaly in the 
parabola. The last fourteen pages of this convenient work contain a 
summary of the principal formulae of spherical, practical, and theoretical 
astronomy. 


The Royal Society, or Science in the State and in the Schools. By 
Srk Huccins. London: Methuen & Co., 1906. Pp. 
131, with 25 illustrations. 4s. 6d. 


This handsome volume appropriately records in a form adapted to a 
general circulation, four of the official addresses of Sir William Huggins 
during his five years of service as president of the Royal Society. A pre- 
liminary chapter gives an interesting account of the early history of the 
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society. The topics of the four addresses are: (1902) Supreme Importance 
of Science to the Industries of the Country, which Can Be Secured only 
Through making Science an Essential Part of All Education; (1903) 
The Relation of the Royal Society to the Specialized Scientific Societies; 
(1904) The Advisory Relation of the Royal Society to the State, and the 
Responsible Public Duties which Rest Permanently upon the Society; 
(1905) The Profound Influence which Science, Represented by the 
Royal Society, Has Had upon the Life and Thought of the World; 
and the Place of Science in General Education; Science in Education. 
The book is embellished with several illustrations due to the accom- 
plished hand of Lady Huggins, with halftone reproductions which include 
the death mask-of Sir Isaac Newton, and his original reflecting telescope, 
and with excellent portraits ‘‘of ten Fellows of immortal fame in science.” 


ERRATA 


Astrophysical Journal, Vol. 23, June 1906, in Professor Vogel’s article 
on “Reflecting Telescopes of Relatively Short Focus”: 

Page 372, tenth line from top, jor where these wave-lengths unite, read 
where the rays of these wave-lengths unite. 

Page 373, ninth line from foot, add 19, 21, 1898: H. C. Plummer, 
“On the Star-Image Formed by a Parabolic Mirror ?” 

Page 379, ninth line from foot, jor center, read diameter. 

Page 382, fifteenth and sixteenth lines from top, transpose from the 
vertex, so that it shall follow the word figure. 

Page 388, eighteenth line from top, jor a, read the. 

Page 388, seventh line from foot, for should, read could. 
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the triplet at wave b cqeand 5287 at full — in the second order 
spectrum. . $5.00 

Y 141. IVES GRATING, s same size as 140, but paar a different unique 
original, and remarkable for the brilliancy of the first order spectra. The sec- 
ond order spectra are a the same as with Y 140, and the t erage is 

6 


passed on the same resolution test. “ oo 
Y 145. IVES GRATING, ruled surface 1 3- inches, eiving definition 
with moderate powers........ ..... $9.00 
Y 146. IVES GRATING, same » inastiins as Y 145, but ‘tong highest eye- 


Send for Circular 325, which contains a more complete description of these (and 
other) gratings, and of various interesting optical novelties due to Mr. Ives. 


THE SCIENTIFIC SHOP 


ALBERT B. PORTER 
Scientific Instruments - - 324 Dearborn St., CHICAGO 
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New Books of Unusual Merit 


American Character 


By BRANDER MATTHEWS 


Special type designs, 12mo, cloth, '75 cents. Limp leather, $1.50 net. 
( Postage 8 cents ) 


Are we Americans “money mad” and “‘devoid of ideals?” These and other 
sweeping condemnations by foreign critics are here answered by an eminent 
scholar and writer. 


The Hope of Immortality 


The “Ingersoll Lecture,” delivered before Harvard University for the year 
1906. An able summing up of the arguments which have induced mankind in 
all ages to a belief in an after existence. 


Prescott’s Complete Works 


IN TWELVE VOLUMES 
60 Illustrations, 12mo. Per set, $12 to $36 


The demand for a complete authentic text of this great historian’s work, at a 
popula: price, has’ at last been met in the present edition. It is new throughout, 
in large type, on good paper, and with choice illustrations and binding. No 
American library is complete without these great books: ‘Ferdinand and Isa- 
bella,” “Conquest of Mexico,’’ “Conquest of Peru,” “Philip the Second,” 
“Charles the Fifth.” A final volume of Miscellaneous Essays is also added, as 
well as the standard Life of Prescott, by George Ticknor. 


The Spirit of Democracy 


By CHARLES FLETCHER DOLE 


Author of ‘‘The Coming People.’”’ 12mo, cloth, $1.25 net. 
( Postage 10 cents ) 


A strong vigorous discussion of the popular form of government, which is of 
especial timeliness and interest in view of the great waves of reform now sweep- 
ing overthe country. The author treats of “Suffrage,” “Party Rule,” “Taxation,” 
“Immigration,” “Labor Unions,” *‘Socialism,” and other vital topics, in a vital way. 


The Spirit of the Orient 


By GEORGE WILLIAM KNOX 


Special type designs. 30 illustrations from photographs. 12mo, cloth, $1.50 net. 
Postage 15 cents 


No more important problem is now engrossing the attention of the civilized 
world than this of the’ awakening Orient. The present is one of the clearest, 
sanest, and most enlightening studies of the subject that has yet appeared. India, 
China, and Japan—their national traits and attitude to the world about them— 
are explained from within and logically. 


Ir 


| | 
| 


For Christmas Gifts 


AWARDED FOUR GOLD MEDALS 


Ghe PERRY PICTURES 


REPRODUCTIONS OF THE WORLD'S 
GREAT PAINTINGS 


One Cent Each 


for 25 or more. 120 for $1.00 (6to 8 times size of this Sistine 
Madonna). Send 25 cents for 25 Art Subjects, or 25 Madon- 
nas, or 25 on the Life of Christ, or $1.00 for Christmas set 
of 120 Art Subjects, or 50 cents for 11 Extra Size, rox12, or 


$1.00 for 23. 


Catalogue of 1,000 miniature illustrations for 2 two-cent stamps. 


Don’t fail to order our new book, “The Story of the Christ,” for a gift for 
someone—112 full page pictures. $1.50 and 26 cents 


for postage and packing. Order today. 


Ghe PERRY PICTURES CoO., 


BOX 501 MALDEN, MASS. 


ITALIAN BOOKS 


of every description 


FRANCESCO TOCCI, 520 Broadway, 


NEW YORK. 


Works of: Barrili, Butti, Caccianiga, Capra- 
nica, Capuana, Carducci, Castelnuovo, Cor- 
delia, D’'Annunzio, De Amicis, De Marchi, 
Farina, Fogazzaro, Giacosa, Neera, Negri, 
Praga, Rovetta, Serao, and other leading writers, 
always on hand. 


Catalogue mailed on application. 


When calling please ask to see Mr. Grant 


BOOKS 


AT LIBERAL DISCOUNT 


BEFORE BUYING BOOKS 
WRITE FOR QUOTATIONS 


An assortment of catalogues and special 
slips of Books at reduced prices 
sent for 10-cent stamp 


TO THE READER 


Please remember that whenever you need a 
BOOK, or any information about Books, if you 
will address me I will try to please you by atten- 
tion and low prices. 

Write me of your wants, or call and inspect 
stock, and in either case I will make you special 
prices. 


F.E. GRANT 


23 W. 42d Street New York 
Mention this advertisement and receive a discount 
12 


THE W FSTON 


Voltmeters 


—AND— 


Ammeters 


Portable 
Accurate 
Reliable and 
WESTON ELECTRICAL INSTRUMENT CO, 
Main Office & Works: 


Waverly Park, NEWARK, N. J. 


LONDON BRANCH: Audrey House, Ely Place, Holborn. 

PARIS, FRANCE: E. H. Cadiot, 12 Rue St. Georges. 

BERLIN: European Weston Electrical Instr. Co., No. 88 Ritterstrasse. 
NEW YORK CITY~ 74 Cortlandt St. 


THE Reflecting 


Lantern 


For showing on the acreen, illustrations in books, engray- 
ings, sketches, colored prints, flowers and mechanical 
models, all brilliantly lighted in natural colors. The outfit 
is arranged to show both opaque objects and lantern slides, 
and the change from one to the other may be made instant- 
ly. Attachable to any electric magic lantern. 

We also manufacture Projecting Microscopes, Project- 
ing and Lantern Slides to illustrate Educa- 
tional and Scientific Subjects. Send for list. 


WILLIAMS, BROWN & EARLE. 
25 , 918 Chestnut St., Philadelphia. 
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An Interesting Science Series 


ALEMBIC CLUB REPRINTS 


10. 


Il. 


12. 


13. 


14. 


15. 


16. 


. Experiments upon Magnesia, Alba, Quick-Lime, and Some Other Alkaline 


Substances. By JosepH BLACK, 1755. Postpaid, 44 cents 


. Foundations of the Atomic Theory: Comprising Papers and Extracts by 


JouN DaLton, WiLLIAM Hype Wo.LLaston, and THOMAS THOMSON, 
1802-8. Postpaid, 44 cents 


. Experiments on Air. Papers published in the PAzlosophical Transactions. 


By Henry CAVENDISH, 1784-85. Postpaid, 44 cents 


. Foundations of the Molecular Theory: Comprising Papers and Extracts by 


JoHN DALTON, JosEPpH Louis Gay-Lussac, and AMEDEO AVOGADRO, 
1808-11. Postpaid, 44 cents 
. Extracts from Micrographia. By R. Hooke, 1665. Postpaid, 44 cents 


. The Decomposition ot the Fixed Alkalies and Alkaline Earths. Papers pub- 


lished in the Philosophical Transactions. By Humpury Davy, 1807-8. 
Postpaid, 44 cents 


. The Discovery of Oxygen. Part I: Experiments by JosePpH PRIESTLEY, 


1775- Postpaid, 44 cents 
The Discovery of Oxygen. Part II: Experiments by Cart WILHELM 
SCHEELE, 1777. Postpaid, 44 cents 

. The Elementary Nature of Chlorine. Papers published in the PAzlosophical 
Transactions. By Humpury Davy, 1809-18. Postpaid, 54 cents 
Researches on the Arseniates, Phosphates, and Modifications of Phosphoric Acid. 
By THomas GRAHAM, 1833. Postpaid, 44 cents 


Essays of Jean Rey, Doctor of Medicine, On an Enquiry into the Cause Where- 
fore Tin and Lead Increase in Weight on Calcination. 1630. 
Postpaid, 44 cents 


The Liquefaction of Gases. Papers by MICHAEL FARADAY, 1823-45. With 
an Appendix. Postpaid, 54 cents 


The Early History of Chlorine. Papers by CARL WILHELM SCHEELE, 1774; 
L. C. BERTHOLLET, 1785; GUYTON DE MORVEAU, 1787; JOSEPH Louis 
Gay-Lussac, and L. J. THENARD, 1809. Postpaid, 44 cents 


Researches on the Molecular Asymmetry of Natural Organic Products. Lec- 
tures by Louis Pasteur, 1860. Postpaid, 44 cents 


The Electrolysis of Organic Compounds. Papers by HERMAN KOLBE, 1845-68. 
Postpaid, 44 cents 


Papers on Etherfication and on the Constitution of Salts. By ALEXANDER W. 
WILLIAMSON, 1850-56. Postpaid, 44 cents 
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A. C. McCLURG & CO.’S 


Aids to Educators and 
Students 


GENERAL BOOK CATALOGUE 1906-07 


This Catalogue now has a national reputation as the most 
comprehensive list of new and recent standard books issued 
by any book house. It contains about 450 pages, including 


an index of over 100 pages, and is carefully classified by sub- 
jects. PRICE 50 CENTS. 


OTHER CATALOGUES 


Free upon request 


BOOKS ON ART. A new and complete descriptive list of all works 
pertaining to art, architecture, craftsmanship, music and all sim- 

ilar interests. 

FRENCH, ITALIAN, AND SPANISH BOOKS, A xew and carefully pre- 
pared list of the works in these languages which we carry in stock 

or can order. It is exceptionally complete. 

TECHNICAL BOOKS. A wzew descriptive list of scientific works, classi- 
fied by subjects, compiled by a committee of the Society for the 

Promotion of Engineering Education. 

OLD AND RARE BOOKS. An annual publication of the greatest interest 
to lovers of fine editions, rare volumes, and beautiful bindings. 

It is the standard reference list of these special lines. 

MONTHLY BULLETIN. A monthly descriptive list, with illustrations, 


of every title received in our retail store. It is impartial and 
complete in every respect. 


OUR STOCK 


THE LARGEST STOCK IN THIS COUNTRY 
OF THE BOOKS OF ALL PUBLISHERS 


215-221 WABASH AVENUE 


A. C. McCLURG & COMPANY 


CHICAGO 
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HISTORIC TOWNS OF THE 


Connecticut River Valley 


What the Critics say about the New History: 


It’s real merit lies in the entertain- 
ing way in which the author has 
embellished the historical story he 
tells—Hartford Globe. 


Mr. Roberts wields a facile pen 
and has a keen sense of what is re- 
quired of a writer of local history. 
His sketches of the various towns 
are admirably written and are diver- 
sified with entertaining anecdote.— 
Boston Transcript. 


This book is well written, pro- 
fusely illustrated from well chosen 
photographs, substantially bound 
and properly indexed.—Chicago 
Record-Herald. 


No section of our country can 
boast of a more interesting and ro- 
mantic history than can the towns 
of our beautiful Connecticut Valley. 


There is before us a history writ- 


ten by George S. Roberts on this. 


valley which is as interesting as a 
romance, yet tells all the vital facts 
in the history of the Connecticut 
towns, and in such a manner that 
it will stick. 

Certainly everyone in this Valley 
should wish to become the possessor 
of so charming and accurate a history. 
It is a delightful and truthful recital 
of the Valley’s history, written by 
a capable historian who knows how 
to write a history that will be intel- 
ligible to others besides bookish an- 
tiquarians.— Turners Falls Reporter. 


The abobe area few of the reasons why ‘Historic 
Towns’’ has recetbed an enthusiastic welcome into 
thousands of American homes, and makes a gift book of 
the best kind. If you would know more about it, drop 
us a postal for a circular, mailed free. 


The price is $3.50 net 


Robson & Adee, Schenectady, N. Y. 
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Bulletin of Recent Publications 
and Autumn Announcements of 


The Anuniversity of Chicago Press 


Railway Organization and Working 


Edited by ERNEST RITSON DEWSNUP, Professorial Lecturer on Railways 
in the University of Chicago 


510 pages, small 8vo, cloth; net $2.00; postpaid $2.15 


cy HIS unique and significant book is a collection of lectures delivered before the railway 
classes of the University of Chicago by more than a score of railway experts of national 
reputation. The lectures have been carefully edited, and the result is a concise, practical 
manual covering almost every conceivable phase of the railway business. The language 
throughout is clear-cut and non-technical, and easy for the general reader to follow. 
The book deserves, and will doubtless be accorded, wide and enduring popularity. 
It is equally adapted to university classes in railway economics, to the rank and file of rail- 
way employees wishing to increase their professional efficiency, and to the intelligent public 
interested in the many problems of the American railway. 


Railway Organization and Working is a companion-volume to 


Lectures on Commerce 


Edited by HENRY RAND HATFIELD, : formerly Assistant Professor of 
Political Economy, and Dean of the College of Commerce and Adminis- 
tration, at the University of Chicago 


396 pages, small 8vo, cloth; net $1.50, postpaid $1.63 


| a carpnann in 1904, with a second edition the same year, this book has already become 

known to wide circles of readers. Like the foregoing, it consists of a series of lectures 
delivered before university classes. It is a compendium of views by eminent authorities on 
the subjects of railways, trade and industry, banking and insurance, and is a handbook 
of great practical value to economists, railway men, investors, and commercial educators. 


“Both instructive and eminently readable. . .. . 
We have no hesitation in commending this volume 


“Full of valuable information.”—The Engineer. 
“Not a dull page in the book.’”’—Chicago Banker. 


“Most interesting and instructive reading.’’— 
The Dial. 

work of timely and absorbing interest.””—Chi- 
cago Tribune. 

valuable collection ... . 
pilation.””—The Financier. 


“One of the most informing books ever put out 
by a university.””-—Chicago Daily News. 


an interesting com- 


as a really valuable handbook.”’—The Outlook. 

“Contains much valuable material which is 
furnished by men who clearly understand their busi- 
ness and know how to tell others about it.”.—Boston 
Evening Transcript. 

“This great fund of special knowledge is furhished 
by men who have won eminence in their respective 
fields, and the volume may be unqualifiedly recom- 
mended.”’—Cincinnati Times-Star. 
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Ancient Records of Egypt: Historical Documents from the Earliest Times 
to the Persian Conquest 


Collected, Edited, and Translated with Commentary by JAMES HENRY 
BREASTED, Professor of Egyptology and Oriental History in the Uni- 
versity of Chicago; Author of A History of Egypt; Member of the Editorial 
Staff of the Egyptian Dictionary in preparation by the Royal Academies of 
Germany 

In 5 vols., 8vo, cloth; Vols. I-IV, Text, 1698 pages, net $15.00, postpaid $15.80; Vol. V, Index, 
about 200 pages, $2.00 


HE fourth volume of this monumental work was published in July of this year. The 
series is now complete except the Index volume, which is scheduled to appear during 
the autumn. 

Here at last we have a corpus of translations of the historical documents of Egypt— 
the first to appear in any language. It is a result of ten years’ incessant labor on the part 
of the author, who has copied with his own hand practically every Egyptian inscription 
in the collections of Europe, and many of those of Egypt. The translations, being thus 
directly based upon the originals, possess a degree of accuracy and authoritativeness never 
before attained in this field. To the Egyptologist and the student of antiquity the work 
is indispensable. 

It would, however, be a mistake to suppose that these Records are of interest to scholars 
alone. The volumes are replete with information bearing upon the social, political, and 
domestic life of the people of the Nile valley thousands of years before our era, unrolling 
to the layman a series of fascinating pictures of this remarkable civilization. 

The inscriptions are arranged chronologically, and span the period from 4241 to 525 
B.C. Besides the English translations, introductory notes are given furnishing all the data 
necessary for the intelligent study of the texts. For ease of reference each document is 
divided into brief paragraphs numbered consecutively, and is accompanied by a series of 
running footnotes explaining obscure passages. 


A separate index volume was announced provisionally in the first prospectus. This 
is now in an advanced stage of preparation and will be issued about January 1. It will 
contain the following separate indices: I, Divine Names; II, Temples; III, Kings; 


IV, Persons; V, Titles, Offices, and Ranks; VI, Geographical; VII, Miscellaneous; 
VIII, Egyptian; IX, Hebrew; X, Arabic; XI, Lepsius’ Denkmdiler and Text. 


“Professor Breasted’s Berlin training and keen 
American scholarship make him the very man to 
give us the accumulated information of the schools, 
his own valuable contributions, and at the same 
time translations of a literary merit.””-—World’s Work. 

“Das Werk ist . . . . zu einem nutzbringenden 
und vertrauenswiirdigen Archiv der agyptischen hi- 
storischen Inschriften geworden. Es wird nicht nur 


“Written by a scholar steeped in knowledge of 
the texts . . . . a most valuable and meritorious 
collection.””—English Historical Review. 


“By the preparation and publication of these 
volumes the University of Chicago has laid all stu- 
dents of history under a debt of gratitude... . . 
The typographical form in which these volumes 
come from the University Press is worthy of their 


intrinsic merit.””—The Outlook. 

“Tt is very fortunate that so competent a scholar 
has had the courage to undertake this task, and it 
is to the honor of the University of Chicago that this 
is being so admirably accomplished . . . . of use 
not only for professed Egyptologists and Assyriolo- 
gists, but for all students of early history.” —The 
Independent. 


dem Aegyptologen und Orientalisten willkommen 
sein, sondern vor allem auch dem Historiker und 
Philologen. .... Dem Verfasser gebiihrt fiir seine 
sorgsame, miihevolle, die Wissenschaft fordernde 
Arbeit Dank und Anerkennung. Druck und Aus- 
stattung sind vortrefflich ausgefallen.”—A. Wiede- 
mann, Professor in the University of Bonn, in 
Wochenschrift fiir klassische Philologie. 
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THE UNIVERSITY OF CHICAGO PRESS 


The Silver Age of the Greek World 


By JOHN PENTLAND MAHAFFY, sometime Professor of Ancient History 


in the University of Dublin 


490 pages, small 8vo, cloth; net $3.00, postpaid $3.17 
TUDENTS of antiquity familiar with Professor Mahaffy’s works—and who is not ?— 
have come to look for a rare combination of scientific exactness and charm of style. 


These qualities are blended in a singular degree in the present volume. 


It is a history of 


the spread of Hellenism during the period from the Roman conquest to the accession of 


Hadrian. 


The book is designed to replace the author’s The Greek World under Roman 


Sway, now out of print, ‘in a maturer and better form, and with much new material super- 


added.” 


There are several entirely new chapters, and the whole work has been thoroughly 


revised in accordance with the ‘wider and more intelligent view of Greek life” that has 
grown up since the appearance of that volume. 


“His book is the only one of its kind in English, 
and will always be read, under the old name or the 
new, with entertainment.’”—The Nation. 

““Mahaffys Werk vereinigt mit strenger Wissen- 
schaftlichkeit die Vorziige eleganter und anredender 
Darstellung. Es gibt ein dusserst anschauliches, 
durch zahlreiche Einzelschilderungen belebtes Bild 
der behandelten Kulturperiode.”—Neue philolo- 
gische Rundschau. 

“He writes authoritatively, with full knowledge 
of the different sources for all the widespread develop- 
ment in which Greek influence was at work, with 
ample citation of the writers both ancient and 
modern, and of recent research and exploration. 
But more than this, he has been able to present his 
results in a deeply interesting manner.’’—New York 
Times Saturday Review. 


“Durfte auf weitere Kreise anregend wirken; 
aber auch der Kenner wird mancherlei Belehrung 
finden.’’—W. Otto, in Literarisches Zentralblatt. 


‘“Professor Mahaffy is not only a competent 
scholar, but he is also an interesting writer.’’—The 
Outlook. 


“The religion and literature of the first century 
are described in a way that will make the book invalu- 
able for classicists.’”-—Boston Evening Transcript. 

“Professor Mahaffy’s books are always agreeable 
reading—‘easy and pleasant’ is the phrase that pre- 
sents itself immediately to one’s pen—and from 
their perusal much instruction is to be gained as well 
as much information. ... . The publishers have 
given the public a book of real value as to matter 
without neglecting the form.”—The Dial. 


The Progress of Hellenism in Alexander’s Empire 


By the same Author 


162 pages, I2mo, cloth; net $1.00, postpaid $1.10 
N this little volume, containing six lectures originally delivered at the University of Chicago, 
the author presents, in his inimitable style, a compendium of a long and brilliant epoch 


in the development of human culture—an epoch which has occupied him for twenty years. 
In his preface Professor Mahaffy says: ‘‘ The general reader, who desires to learn something 
of the expansion of Greek ideas toward the East, will here find enough for a working know}l- 
edge of a very complicated period. The specialist, who has devoted himself to some depart- 
ment of this field, will find here those general views of the whole which are necessary to 


every intelligent research into the parts. 


tianity will find here the human side of its origin treated in a strictly historical spirit.” 


More especially, the student or teacher of Chris- 


The 


first lecture, ‘‘ Xenophon the Precursor of Hellenism,” will be especially attractive to classicists. 


“A small, but uncommonly rich and suggestive 
book.”’—Chicago Evening Post. 

“ The six lectures not only display profound learn- 
ing and careful research, but are, as well, of deep 
interest to the scholar and to the general reader.’’— 
Boston Evening Transcript. 

“On congoit sans peine que ces conférences, ot 
esprit et "humour ne manquent pas, aient été trés 
appréciées par les auditeurs de M. Mahaffy.”— 
Revue @ histoire et de littérature religieuses. 


“His lectures are farthest possible from the aca- 
demic style, and are worthy of the man who wrote 
upon The Art of Conversation.” —The World To-Day. 


“They deal in an entertaining way with a great 
period, the one in which Greek culture was prepared 
for universal empire. Professor Mahaffy is well 
qualified to do justice to it, by long study and by 
possessing in an eminent degree the historian’s high 
gift of sympathy with every serious human move- 
ment.”—American Historical Review. 
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NEV ERSITY OF CHICAGO PRESS 


OTHER BOOKS BY PROFESSOR MAHAFFY 


The Particular Book of Trinity College, Dublin 


Edited, with Introduction, Appendices, and Indices. 247 pages of Collotype Facsimiles and 42 
pages of Introduction, etc.; demi-quarto; net $15.30, postpaid $15.68 

A PHOTOGRAPHIC facsimile of the account-book kept in this famous old Protestant 

institution in the seventeenth century, throwing much interesting light on the domestic 

life of the school, and incidentally furnishing a key to many cultural problems of the age. 

“Dr. Mahaffy and Trinity College have done well in placing the Particular’ Book beyond the reach 


of fire or other accident.’”’—London Standard. 


Early Fortunes (1591-1660 ) 


An Epoch in Irish History: Trinity College, Dublin, Its Foundation and 


406 pages, 8vo, cloth; net $4.90, postpaid $5.06 
a is a companion-volume to, and largely based upon, the foregoing, giving a vivid 
description of the educational, religious, and political situation in Ireland in the 


period covered. 


“An excellent and capable survey of a somewhat 
tangled period of Irish history.”—London Guardian. 

“Like all the writings of Dr. Mahaffy, this book 
is extremely interesting and bright in style.’”’— 
Journal of Education (England). 

“The book is interesting, not merely because it 
contains the annals of a great university, but because 
‘ . it records a striking epoch in Irish history.”— 
London Daily News. 


“The merit of the masterly and sagacious appre- 
ciation of the religious and political situation of 
affairs in Ireland at the close of the Elizabethan era 
with which the work opens is enhanced by the fact 
that the author has sought to realize, as scarcely any 
of the regular historians have done, the social condi- 
tion of the country at the time.’’—Saturday Review 
(England). 


The Legislative History of Naturalization in the United States: 
From the Revolutionary War to 1861 


By FRANK GEORGE FRANKLIN, Professor of History and Political Science 


in the University of the Pacific 


318 pages, 12mo, cloth; net $1.50, postpaid $1.63 
HE book traces in clear, concise fashion the course of public opinion, and the long 
and intricate debates in Congress, on the subject of naturalization. Incidentally 
a strong light is thrown on the inner history of the government in its first struggles after 


unification. 


“A careful and exhaustive study.’’—Literary 
Digest. 


“To the student of American law it will henceforth 
be indispensable.””—Westland Educator. 


“For the earlier period the material is excellent 
and the manner of treatment good.”—The World 
To-Day. 

“As a book of reference to the politician or student 
of social science it is invaluable.’’—Boston Evening 
Transcript. 

“Thoughtful citizens cannot fail to find this his- 
tory full of interest and suggestion.”—Chicago 
Record-Herald. 


“A decidedly useful monograph.” —The Outlook: 


“The volume has been conscientiously prepared, 
and... . cannot fail to be useful to workers in the 
field of political history and science.’””-—Law Notes. 


“Incidentally, it is another illustration of the excel- 
lence of work which is being done by the publishing 
department of the university whose press is respon- 
sible for the mechanical part.’’—The Standard. 

“To the historian, the jurist, the legislator, the 
student of American law, as well as to the general 
reader the book will prove a remarkably clear, con- 
cise, and able survey of the legislation which has been 
the outgrowth of the immigration and suffrage ques- 
tions.””—Chicago Daily News. 
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THE UNIVERSITY OF CHICAGO PRESS 


Hebrew Life and Thought: Being Interpretative Studies in the Litera- 


ture of Israel 


By LOUISE SEYMOUR HOUGHTON, Author of Zed/ling Bible Stories, Life 


of the Lord Jesus, etc. 


398 pages, 12mo, cloth; net $1.50, postpaid $1.65 


* this significant work the author has succeeded, to an extent granted to but few writers, 

in combining the caution and acumen of the analyst with the warmth of the devotee. 
The Bible student who wishes to be well informed, but who finds the paths of modern critical 
scholarship stony and unsafe, will welcome these soothing and instructive essays, in which 
throughout the cultural point of view has been emphasized. 


“The clearness and aptness of Mrs. Houghton’s 
style are admirable.”—New York Observer. 

*‘An unusual book, growing out of a remarkable 
experience of study and teaching.’’—Congregation- 
alist and Christian World. 

“This is a good book to own and to read often, if 
one would take advantage of an admirable aid to a 
discriminating, intelligent faith.””—Chicago Record- 
Herald. 

“Tts treatment is farthest possible from the con- 
vential discussion of biblical books, and will infal- 
libly cause any reader to feel a new admiration and 
interest in the Bible.”—The World To-Day. 

““Combines the critical knowledge of the scholar 
with the reverence of religion and art The 
reading of this book cannot fail to increase one’s 
interest in the Old Testament.’’—Boston Evening 
Transcript. 

“We believe that any Sunday-school superintend- 
ent who first reads this book himself and then sees 
that it is put into the hands of his teachers will by 
amply rewarded; and we are sure that many people 
who never go near a Sunday school would, if thee 
were to read this book, turn to the Bible with an 
unaccustomed Outlook. 


“The discussions are fresh and full of interest.” — 
The Interior. 

“There is much to learn from her charmingly 
written pages.” —The Examiner. 

“A cultured style, animated by a genuine Chris- 
tian optimism.”—Church Economist. 

“Most admirably written, and should be carefully 
read by every Bible student.”—United Brethren 
Review. 

“The author is deserving of the grateful thanks 
of Christians for introducing them to a new and 
living world of religious life.””—The Watchman. 

“An unprejudiced reader will find that it makes 
his Bible a more readable and helpful book from a 
historical, literary, and spiritual point of view.’”’— 
Baltimore Methodist. 

“There is a spiritual insight that belongs to conse- 
crated womanhood that men do not possess 
This is a book worth reading, and more, it is worth 
owning.” —The Westminster. 

“This is one of the most satisfying books we have 
read for some time It will be a most prac- 
tical and valuable addition to the library of clergy- 
men and Bible students generally.’”—Lutheran 
Observer. 


The Social Ideals of Alfred Tennyson as Related to His Time 


By WILLIAM CLARK GORDON 
266 pages, 12mo, cloth; net $1.50, postpaid $1.61 


ap ARES have two departments of study been so successfully and profitably combined as 


literature and sociology are in this volume. It is a treatment, on a somewhat novel 
but highly satisfactory plan, of a subject of interest alike to the sociologist and the student 


of literature. 


“’T’1e lover of Tennyson and the lover of men will 
both find this volume of interest and worth.”—The 
Watchman. 

** As an acute study of the influence of a poet upon 
his time it is a volume worth reading and study.”— 
Boston Evening Transcript. 

‘His [the author’s] conclusions are set forth in 
well-sustained order, in a style of no little force and 
charm.”—Chicago Daily News. 

“The work is a most interesting and entertaining 
one. Itisa rich field for the thoughtful student.’’— 
Christian Advocate (New York). 


“Tt is a painstaking production.”—The Dial. 


‘A worthy piece of work worthily done. It is sin- 
gularly free from commonplace and triteness, and it 
glows with humaneness and generous purpose.’’— 
Congregationalist and Christian World. 


‘‘ A thoroughly interesting book The work 
is a fine exemplification of how a scholar discerns 
the mind of the artist in between the lines and words 
of his song. The reader is impressed that the author 
has his fingers on all the stops and is master of the 
material of his theme.” —Baptist Argus. 
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The Development of Western Civilization: A Study in Ethical, 
Economic, and Political Evolution 


By J. DORSEY FORREST, Professor of Sociology and Economics in Butler 
College 


420 pages, 8vo, cloth; net $2.00, postpaid $2.17 


[To be issued about January 1] 


HE author has a twofold object in the presentation of this work: first, the discussion 
of the methodology of sociology with special reference to the study of social evolution; 
second, the application of this point of view in the consideration of the development of 
European civilization. The first subject is discussed in the introductory chapter, thus sepa- 
rating the more technical part of the work from that which is more likely to prove of interest 
to the general reader. 
The peculiarity in European society is found in the fact that Europe started off with 
ideals which had been presented to it by antiquity. The outcome of the Hebrew, Greek, 
and Roman civilizations is accepted as the ideal toward which mediaeval Europe is to strive; 
and this attitude of Europe toward the ideals inherited from the past is held to be the key 
to the explanation of the capital facts of mediaeval history. When the means had been 
developed by which these ideals were substantially realized, the Renaissance and the Refor- 
mation brought the Middle Ages to a close. The ideals of modern society must be evolved 
in the process of social life itself, and it is the problem of social philosophy to help to formu- 
late and set before society the ends which are involved in existing institutions and move- 
ments. In the absence of ruling social ideals, there has been a tendency, now to make 
the political structure the end of social activity, now to regard economic prosperity as the 
ideal. The result has been a condition of ethical chaos. The author does not attempt 
to discover the social ends which are inherent in the nature of modern society, but he holds 
that some such study as he presents is a necessary preliminary to their discovery. 
The title of the book will suggest comparison with Benjamin Kidd’s Theory of Western 
Civilization; but while the two works are not in conflict, it will be found that this one 
presents an entirely different point of view and traverses very different ground. 


The Sources of Tyndale’s Version of the Pentateuch 
By JOHN ROTHWELL SLATER 


56 pages, 8vo, paper; net 50 cents, postpaid 53 cents 


HE question as to what extent Tyndale used the Hebrew in his version of the Pentateuch 

forms the central problem of this inquiry. In parallel columns are printed passages 
from his translation side by side with the corresponding passages in the original Hebrew, the 
Septuagint, the Vulgate, Hereford’s, Purvey’s, and Luther’s translations. The author 
arrives at the conclusion that Tyndale made his first draft from Luther’s version, checking it 
constantly by the Hebrew, and keeping the Septuagint and the Vulgate within easy reach for 
constant comparison. 
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A Genetic History of the New England Theology 


By FRANK HUGH FOSTER, Professor in Olivet College, Michigan 
500 pages, small 8vo, cloth; net $2.00 


[To be issued early in January] 

[ID® FOSTER has attempted in this work to give a thorough history of one of the most 
interesting theological movements which America has seen, but which seems 

now to have come to a natural conclusion. Beginning with Jonathan Edwards, a series 
of original and earnest minds, to meet the various issues which arose both in the world of 
thought and in that of affairs, proposed certain new methods of defending the hereditary 
Calvinism of New England, which resulted finally in a distinct school of theology. While 
giving enough of the external history to furnish an account of the occasions and the setting 
of the various writings, the author is engaged principally upon the history of thought. The 
reader is introduced to the great works of Jonathan Edwards, the Freedom of the Will, 
the Nature of Virtue, etc.; and their origin and significance are pointed out. Large extracts 
from Edwards and the subsequent authors are given, so that the flavor of these ancient 
writers may be tasted as one reads. Hopkins, better known to the sociological world as the 
earliest opponent of the slave trade and to the literary world as the hero of one of Mrs. Stowe’s 
novels, and Bellamy, the Great-Heart of the early history, appear here as great theologians; 
and soon the stage is crowded with a multitude of figures, larger and smaller, who took 
part in controversies, or discussed profound theological problems before their unlettered 
but intellectual congregations in rural parishes. The Unitarian controversy; the early work 
of Andover Seminary; the rise of a new school of theology in connection with Yale College; 
the great figures of the earlier part of the last century—Stuart, Woods, Dwight, Taylor; 
the later ones—Finney, Fairchild, Bushnell, Park, all pass before the reader in rapid suc- 
cession. ‘Their antagonists often meet with as full discussion as the members of the school. 
As the first genetic history of the greatest theological movement which America has 

yet known, the book will command the attention of all students of our national thought. 


Decimus Junius Brutus Albinus 
By BERNARD CAMILLUS BONDURANT, Professor of Classical Languages 
in the Florida State College for Women 
100 pages, 8v0, paper; net 75 cents 
[To be issued early in December| 


MM” H light has been thrown in recent years, principally by the researches of German 
n scholars, on the interesting period of Roman history in which Decimus Brutus 
lived and played his part. Aided by the results of these investigations, the author of the 
present monograph has prepared from the original sources a new treatment of the life of 
Decimus and its political and social setting. After sketching his ancestry and early life, 
Mr. Bondurant discusses in detail Decimus’ career as a lieutenant of Caesar, as a leader 
in the conspiracy against the latter, and as an important figure in the crisis that followed 
the assassination of the dictator. The author, on the basis of his exhaustive studies, reaches 
conclusions regarding Decimus’ motives and conduct essentially at variance with those 
arrived at by other historians, and thus furnishes a valuable and interesting contribution 
to the literature on the subject. 
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The New Appreciation of the Bible: A Study of the Spiritual Outcome 
of Biblical Criticism 
By WILLARD CHAMBERLAIN SELLECK, Author of Zhe Spiritual Outlook 
424 pages, 12mo, cloth; net $1.50, postpaid $1.63 
[To be published December 15] 


[ID® SELLECK is already widely known as a writer upon religious and biblical topics. 

His book The Spiritual Outlook has established his reputation for marked ability. 
The present work seeks to do three things: first, to state, briefly but clearly and accurately, 
the principal conclusions of modern learning regarding the Bible; second, to show the 
enhanced values, ethical and religious, which the Bible exhibits through the new views 
of its nature thus developed; and, third, to point out some of the practical ways in which 
it may be most helpfully used in consonance with such conclusions and such views. 

The book is not intended primarily for scholars, but is rather an attempt by a working 
pastor to popularize some of the results of scholarship. The author has had in mind the 
needs of ministers, teachers, young people’s classes and societies in the churches, parents, 
and thoughtful persons generally who really want to know the truth, but who want also 
a justly constructive interpretation and application of the truth. 

The spirit of the work is frank and fearless, yet reverent and catholic; above all it is 
earnest, sincere, and positive. The writer puts something strong and helpful in the place 
of that which is passing away. His message is inspirational as well as educational. 

The scope of the book may be seen from the chapter headings: 


Introduction—The Bible in Modern Life 
Part I Part II 


The History of the Bible The New Appreciation of the Bible 
The Traditional View of the Bible The Bible and Spiritual Progress 
What Is Biblical Criticism ? The Service of the Bible to Our Own Age 
The New View of the Old Testament How to Read the Bible in Its Modern Aspects 
The New View of the New Testament The Use and Abuse of the Bible in the Sun- 
The Inspiration of the Bible day School 
The Divine Revelation in the Bible The Bible in the Public School 
The Moral and Religious Authority of the | The Bible in the Home 

Bible The Bible and Personal Culture 

The Bible and the Spread of Western Civili- 
zation 


The Aesthetic Experience: Its Meaning in a Functional Psychology 


By ELIZABETH KEMPER ADAMS, Instructor in Philosophy and Education 
in Smith College 


116 pages, 8vo, paper; net 75 cents 
[To be issued early in December| 
ee book essays to discuss the aesthetic experience in terms of what is commonly known 
nowadays as “functional psychology,” and to discover its relation to other types 
of experience already interpreted from this point of view. It subjects to criticism some 
recent popular theories of the aesthetic, and brings together material that has hitherto been 
presented in isolation. 
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THE UNIVERSITY 


BOOKS ON ARCHAEOLOGY 


Egyptian Antiquities in the Pier Collection: Part I 


By GARRETT C. PIER 


27 pages of text, 23 plates (3 colored), royal 8vo, cloth; net $4.00, postpaid $4.15 


hy the belief that the relics of antiquity preserved in private cabinets should be made 

available to all students of art and archaeology, the author in this handsome work 
presents the first instalment of an elaborate descriptive catalogue of the Egyptian antiquities 
in his own collection. The material is, as far as possible, arranged chronologically, and 
comprises relics of the earliest period of Egyptian history. In the plates are figured stone 
implements; amulets in ivory, bone, slate, etc.; some remarkable and unique specimens 
of Eighteenth Dynasty inlaid glazes (colored plates); and a very complete collection of 
historical scarab seals, glazed rings, and plaques. 

The second part of this catalogue, which is in preparation, will contain a very com- 
plete collection of early jewelry (with photographs), dating from the Twelfth Dynasty down 
to Roman times, and some remarkable specimens of early glaze ware. Any future acquisi- 
tions by the author will be published in appendices. 


Studies in Ancient Furniture: Couches and Beds of the Greeks, Etruscans, 
and Romans 


By CAROLINE L. RANSOM, Associate in Art and Archaeology in Bryn Mawr 
College 


128 pages, 29 plates, colored frontispiece; large 4to, cloth; net $4.50, postpaid $4.75 


— the first time the subject of beds and couches in classical antiquity has here been 

treated exhaustively, on the basis of protracted and detailed first-hand study of the 
material collected in the various European museums. A thoroughly scholarly treatise, it 
yet is of interest not only to archaeologists, philologists, and students of Greek and Latin 
literature, but to collectors, designers, and manufacturers of furniture as well. Typographi- 
cally the volume presents a highly attractive appearance. 


“A scholarly contribution to the archaeology of “A laborious piece of archaeological work well 


furniture. No phase of the subject is overlooked.” performed. ... . The volume is beautifully illus- 
—The Dial. trated.”—The Nation. 

““A notable monograph. ... . The book has a “The volume is to be commended to all those inter- 
genuine interest to furniture-lovers. ... . reflects ested in arts and crafts, and should furnish a r um- 


great credit on all concerned.” —Scientific American 
Building Monthly. 

“Eine sehr fleissige Arbeit... . . Die Tafeln 
sind vorziiglich scharf..... Die Ausstattung des 
Buches is auch sonst eine in typographischer Hinsicht 
hervorragende.”—H. Bliimner, in Berliner philolo- 
gische Wochenschrift. 


ber of admirable motives for decoration as well as 
furniture.””—The World To-Day. 


“Tt is pleasant to feel throughout the work the 
appreciation of the writer for all forms of loveliness, 
so that her contribution is a revelation of new ele- 
ments of beauty in the products of Greek and Roman 
civilization.”—The Chautauquan. 


| 
=A 
« 
4 
i 
q 
| 
f 
| 
’ 


THE UNIVERSITY OF CHICAGO PRESS 


RECENT IMPORTANT PUBLICATIONS 


General Sociology: An Exposition of the Main Development in Sociological 


Theory from Spencer to Ratzenhofer 
By ALBION W. SMALL, Professor and Head of the Department of Sociology 


in the University of Chicago 


754 pages, 8vo, cloth; net $4.00, postpaid $4.23 
a notable work has a threefold aim: to give the layman a general idea of the ground 
covered by sociological theory; to orient the student who wishes to prepare himself for 
independent sociological research; and to present a plea, addressed to fellow-workers in 
the social sciences, for the recognition of sociology as a science. 


“Une contribution importante & la méthodologie 
des sciences sociales.” —Revue philosophique. 

“Should be carefully studied by all who venture 
to handle social problems.’’—T he Standard( London). 

“‘ By far the greatest contribution yet made to the 
science of sociology.”—International Socialist Re- 
view. 

“A work of marked value. It goes much nearer 
the root of things than the ordinary sociologica 
treatise.”—The Westminster. 


Russia and Its Crisis 


“The book is a very valuable contribution to the 
science of sociology.’’—M anchester Guardian. 


“Dr. Small has rendered a notable service to 
science and scientific thinkers by publishing his 


lectures on ‘General Sociology.’ ””—Saturday Even- 
ing Post. 

“Ttis a masterly array of material and forces... . 
Professor Small is very keen in analysis ....a 


valuable contribution to the literature on the sub- 
ject.” —The Dial. 


By PAUL MILYOUKOV, late Professor of History in the University of Moscow 
; 606 pages, small 8vo, cloth; net $3.00, postpaid $3.20 
A COMPREHENSIVE and authoritative account of the history and present condi- 
tion of the Russian empire, by a scholar whose knowledge of his subject, gained at 
first hand, is minute and profound, and whose judgment is keen and unbiased. A work 


of unusual timeliness and importance. 


“As an elucidation of the Liberal theory of this 
crisis, in all its historical bearings, there is nothing 
in English more complete.”—American Historical 


“In this book we have the results of long years of 
serious study of Russian conditions at first hand by 
a man of ability and training. ... . The book is 
one that must be studied by anyone who sets out to 
get a real knowledge of Russia . . . . a substantial 
and satisfactory piece of work . . . . [The author] 
possesses an intimate knowledge of his subject and 
is fearless in expressing his opinions.” —The Dial. 


A Decade of Civic Development 


“Tt is difficult to find words strong enough ade- 
quately to express the inestimable value of Professor 
Milyoukov’s book for everyone desirous of under- 
standing Russia in the past, the present, and the 
future.” —The Nation. 

“Tt is no small privilege for the English-reading 
public to possess in English a book on Russia written 
by so great an authority. .... It is beyond doubt 
the best, most instructive, and most authoritative 
work on Russia ever publised in English.”’—Polits- 
cal Science Quarterly. 


By CHARLES ZUEBLIN, Professor of Sociology in the University of Chicago 

196 pages, with 20 illustrations, 12mo, cloth; net $1.25, postpaid $1.39 
A CONCISE and eloquent account of the great movement for civic reform now sweeping 
this country, and a recital of the definite steps already taken in various American 
cities toward the improvement of their political, social, economic, and artistic life. The 
training of the citizen for intelligent participation in this important movement is discussed 


in a separate chapter. 


‘In these days of railing against the evils of muni- 
cipal government in the United States, it is refresh- 
ing to find a writer who will draw attention to the 
other side of the shield.””—Literary Digest. 


“The spirit of optimism pervades the entire work, 
and certainly the facts which Professor Zueblin 
marshals abundantly prove his thesis that American 
cities are rapidly becoming more attractive and fit for 
the homes of the millions.’””-—The Dial. 
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RECENT IMPORTANT PUBLICATIONS 
The Finality of the Christian Religion 


By GEORGE BURMAN FOSTER, Professor of the Philosophy of Religion in 


the University of Chicago 


534 pages, small 8vo, cloth; net $4.00, postpaid $4.25 
| head theological books of recent years have been so hotly assailed, and few so warmly 
defended. On one point its critics agree: as an earnestly thoughtful, eminently 
scholarly, and courageously honest presentation of the absolute value of essential Christianity 
as over against authority-religion and supernaturalism, as defined by the author, it has no 
equal in late English literature. Whatever the reader’s religious attitude, it cannot fail 


to hold his attention from beginning to end. 


Christian Belief Interpreted by Christian Experience: Being the 
Barrows Lectures for 1902-1903 


By CHARLES CUTHBERT HALL, President of the Union Theological 


Seminary 


298 pages, small 8vo, cloth; net $1.50, postpaid $1.66 
Bb Hscyme lectures, delivered before cultured audiences in India, Ceylon, and Japan, have 
attracted wide attention by reason of their irenic spirit, the masterly way in which 
they present the fundamental ideas of the Christian religion in terms adapted to oriental 
consciousness, and the classic purity of their English. While sincerely respectful and frankly 
sympathetic in his attitude toward the various faiths of the East, Dr. Hall makes a singu- 
larly forceful plea for the claim of Christianity as the ultimate world-religion. 


“Those who believe that orthodox Christianity 
has lost its power to hold men of wide culture would 
do well to read Dr. Hall’s lectures to the Hindus.” — 
Public Opinion. 

“The charm of the writer’s style is most fascinat- 
ing. His spirit is... . gracious, conciliatory, 
recognizing all possible good in those from whom 
he differs, while holding his own opinions without 
apology. .... It is from many points of view a 
great book.”—New York Observer. 


“As a philosophic contribution to Christian apolo- 
getics such lectures as these challenge the attention 
of the West that they have already won in Japan and 
in India.”—The Churchman. 


“It is not too much to say that probably no volume 
within the last few years has presented progressive 
evangelism with more catholicity of spirit, with more 
passionate conviction, and with more classic form.” 
—The World To-Day. 


An Outline of a Bible-School Curriculum 
By GEORGE WILLIAM PEASE, Professor of Pedagogy in the Hartford 


School of Religious Pedagogy 


430 pages, 12mo, cloth; net $1.50, postpaid $1.63 
Saale ord eges the principles which should govern in the preparation of a curriculum for 
the Bible school, and outlines full, connected courses of study for the different grades, 
from the kindergarten to adult classes, in harmony with those principles. 


“A stimulating book.” —Universalist Leader. 
“A remarkable volume.’’—Baltimore Methodist. 


“Good because it is based on fundamental psy- 
chological principles, and also because it is adapted 
equally for a traditional or an advanced religious 
and theological viewpoint.’’— Rev. Wallace M. 
Short, in Ladies’ Home Journal. 


“Tts value ‘ies in its application of an intelligent 
educational philosophy to a concrete and apparently 
practicable scheme. Whoever has anything to do 
with the conduct of a Sunday school and has any 
ambition to increase its educational effectiveness 
ought to be acquainted with this book.””—The Out- 
look. 
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NOTEWORTHY LABORATORY MANUALS 


Animal Micrology: Practical Exercises in Microscopical Method 


By MICHAEL F. GUYER, Professor of Zodlogy in the University of Cincinnati 
250 pages, with 71 illustrations, 8vo, cloth; net $1.75, postpaid $1.88 
[To be published December 5| 


A*™ introduction to the technique of microscopic anatomy and embryology, indispensable 

for teacher, physician, student, or novice who wishes to learn how to prepare his own 
material for microscopical examination. In an appendix are tabulated nearly three hundred 
tissues and organs, with directions for properly preparing them for microscopical study. 
Sufficient account of the theoretical side of microscopy is given to enable the student to 
get satisfactory results from his microscope. 


Methods in Plant Histology 

By CHARLES J. CHAMBERLAIN, Instructor in Botany in the University of 
Chicago 
Second edition, revised and much enlarged; 272 pages, with 88 illustrations, 8vo, cloth; net 
$2.25, postpaid $2.39 

i first complete manual to be published on the subject of botanical micro-technique. 
It contains detailed directions for collecting and preparing plant material for micro- 
scopic investigation, setting forth the advantages and disadvantages of the different methods. 


“Tt is an excellent book for the individual worker 
and for classes in colleges.’’—Education. 


“Will no doubt find a place in every well-regulated 
library, and will be found very useful by private 
students.” —Plant World. 

A Laboratory Guide in Bacteriology 
By PAUL G. HEINEMANN, Fellow in Bacteriology in the University of Chicago 
158 pages, interleaved, with 37 illustrations, 12mo, cloth; net $1.50, postpaid $1.61 
A CLEAR and concise presentation of bacteriological technique, designed principally 
as a manual for the medical student, but highly useful also as a reference book for 
the biological teacher and investigator, as well as for practical workers in the fields of medi- 


cine and hygiene. 


“The instruction given is clear and accurate, and 
the practical exercises are well selected.’’—The 
Lancet (London). 

“A book such as this must facilitate very greatly 
the practical class work, for which it is most excel- 
lently adapted.”—American Journal of Medical 
Sciences. 


“The directions are clear and concise, and every 
stage . . . . is described so carefully that it is hard 
to see how the student can go astray. Physicians 
who are rusty in bacteriology cannot do better than 
buy this little book. . .. . The book is beautifully 
printed and bound.” —A merican Journal of Clinical 
Medicine. 


A Laboratory Outline of General Chemistry 
By ALEXANDER SMITH, Professor of Chemistry in the University of Chicago 


Second edition, revised; 120 pages, interleaved, with 18 figures; small 8vo, cloth; net 75 cents, 
postpaid 83 cents 


oe manual has already become recognized as one of the most useful introductions 


to the subject of general experimental chemistry. 


It is being regularly used in a 


large number of representative universities and colleges throughout the country. 


“Tt is the product of an earnest, wide-awake, and thoughtful teacher, who has performed his task 
with consummate skill—with lucidity in statement, accuracy in fact, and care in detail.’’—Edgar F. Smith, 


in Journal of the American Chemical Society. 


e 
| 


THE UNIVERSITY CHICAGO 


NOTEWORTHY LABORATORY MANUALS 


A Laboratory Manual of Physiological Chemistry 
By RALPH W. WEBSTER, of the Department of Physiological Chemistry, and 
WALDEMAR KOCH, of the Department of Pharmacology, of the Uni- 
versity of Chicago 
116 pages, interleaved, 8vo, cloth; net $1.50, postpaid $1.62 
| Berea manual is intended primarily for the use of students in the laboratory, but con- 
tains also much valuable information for those wishing to gain a sound general 
knowledge of physiological processes. 


‘A valuable laboratory course.”’—The Outlook. “The experiments .... are clear and trust- 
worthy in detail.””—The Lancet (London). 


Neurological Technique 
By IRVING HARDESTY, Instructor in Anatomy in the University of Cali- 
fornia, formerly Assistant in Neurology in the University of Chicago 
196 pages, 8vo, cloth; net $1.75, postpaid $1.87 
a” TENDED to serve as an introduction and laboratory guide to the study of the architec- 
ture of the nervous system, containing a succinct account of methods which have stood 
the test of practical application. 


“The instructions are thoroughly practical.’’— “The descriptions are clear.’’ — Philadelphia 
British Medical Journal. Medical Journal. 

“We know of no similar book which will be as “The book bears the indorsement of “Henry 
valuable to the student of neurological technique.” Donaldson, which is sufficient guarantee for its wide- 
American Journal of Insanity. spread acceptance.”—Northwestern Lancet. 
Laboratory Outlines for the Study of the Embryology of the Chick 

and the Pig 
By FRANK R. LILLIE, Associate Professor of Embryology in the University 
of Chicago 


60 pages, 12mo, paper; net 25 cents, postpaid 27 cents 
ILL be found a valuable contribution toward the establishment of a standard of 
embryological work for students generally, and for others desiring a convenient 
guide to the order of study of this subject. 


BOOKS OF ALLIED CHARACTER 


Quantitative Classification of Igneous Rocks: Based on Chemical and 
Mineral Characters, with a Systematic Nomenclature 
By WHITMAN CROSS, JOSEPH P. IDDINGS, LOUIS V. PIRSSON, and 
HENRY S. WASHINGTON 
286 pages, 8vo, cloth; net $1.75, postpaid $1.91 
Pg entirely new system for the classification and nomenclature of igneous rocks 
according to chemico-mineralogical principles, accompanied by a complete original 
nomenclature adapted to the system. Of value to all geologists and petrologists. 


The Role of Diffusion and Osmotic Pressure in Plants 
By BURTON EDWARD LIVINGSTON 
160 pages, 8vo, cloth; net $1.50, postpaid $1.62 
7 important part played by the phenomena connected with diffusion and osmotic 
pressure in the life-process has here for the first time found full and adequate treat- 


ment. 
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CONSTRUCTIVE BIBLE STUDIES 


NEW BOOKS 


The Life of Jesus 

By HERBERT W. GATES 

Teacher’s Manual, $1.00 Pupil’s Notebook, 50 cents 

N attempt has been made to furnish a course that shall give occupation for hand and 

eye as well as for brain, that shall be sufficiently varied in treatment to sustain inter- 
est, and that shall result in a clear, vivid conception of the life and character of Jesus Christ, 
so far as these may be grasped by pupils of twelve and thirteen years. The test already 
given these iessons has proved that such results can be secured through intelligent use. The 
book is now being issued in quarterly parts. 


A Short History of Christianity in the Apostolic Age 
By GEORGE HOLLEY GILBERT 
250 pages, with 32 illustrations, 8vo, cloth; postpaid $1.00 
HE aim of this book, which is intended as a companion-volume to The Lije of Christ, 
by Burton and Mathews, is to furnish Bible students a guide in their investigation 
of the apostolic age. As in that volume, the needs of students in academies and colleges, 
and in the advanced classes in Sunday schools, have been constantly kept in mind. The 
author, who is a trained scholar and a teacher of vast experience, cherishes the same ideal of 
thorough, constructive study of the Bible which dominates the former volumes of the series, 
laying stress on the necessity of developing in the pupils a taste and capacity for independent, 
first-hand acquaintance with the material. The book is divided into parts, chapters, and 
sections, the limits of which are determined by the nature and relations of the events and 
literature to be studied. 


The Constructive Bible Studies are the outgrowth of the conviction that the prevailing 

systems of Sunday-school instruction are insufficient to meet the growing demands of the 

times. Believing the Sunday school to be the great educational branch of the church, the 

editors have sought to produce a series of religious textbooks, based on the fundamental 

laws laid down by trained educators. One of the most important of these laws is the prin- 

ciple that the curriculum must be adapted to the capacity of the pupils, giving to each grade, 

work which is suited in material and method of treatment to the stage of development of 

the pupils. The studies comprise four series, each corresponding to a definite stage of 

development in the pupil. 

The Kindergarten Series takes up work of a more general character, dealing with the funda- 
mental facts of the Bible and the religious life. 

The Elementary Series is intended as an aid in broadening the view of the Bible as a whole, 
and as an introduction to the study of particular books. 

The Secondary Series has for its object a closer acquaintance both with the biblical material 
and with religious concepts. 

The Advanced Series has been planned with a view to promoting a more minute exami- 

nation of the historical data, and naturally invites a discussion of current religious prob- 

lems and the various attempts at their solution. 
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THE UNIVERSITY OF CHICAGO 


CONSTRUCTIVE BIBLE STUDIES 


FOR THE KINDERGARTEN DIVISION 


One Year of Sunday School Lessons 
By FLORENCE U. PALMER Postpaid $1.00 
FOR THE ELEMENTARY DIVISION (Ages 6-13) 
An Introduction to the Bible for Teachers of Children 
By GEORGIA L. CHAMBERLIN Postpaid $1.00 


The Life of Jesus 
By HERBERT W. GATES 


Postpaid $1.00 Pupil’s Notebook, 50 cents 


FOR THE SECONDARY DIVISION (Ages 14-17) 
Studies in the Gospel According to Mark 


By ERNEST D. BURTON Postpaid $1.00 
Studies in the Books of Samuel 

By HERBERT L. WILLETT (In preparation) 
The Life of Christ 

By ERNEST D. BURTON and SHAILER MATHEWS Postpaid $1.00 
A Short History of Christianity in the Apostolic Age 

By GEORGE H. GILBERT Postpaid $1.00 


FOR THE ADULT DIVISION 
The Priestly Element in the Old Testament 


By WILLIAM R. HARPER Postpaid $1.00 
The Prophetic Element in the Old Testament 

By WILLIAM R. HARPER Postpaid $1.00 
A Short Introduction to the Gospels 

By ERNEST D. BURTON Postpaid $1.00 
A Handbook of the Life of the Apostle Paul 

By ERNEST D. BURTON Paper; postpaid so cents 


HELPS FOR SUPERINTENDENTS AND TEACHERS 
Principles and Ideals for the Sunday School 


By ERNEST D. BURTON and SHAILER MATHEWS Postpaid $1.10 
An Outline of a Bible-School Curriculum 
By GEORGE W. PEASE Postpaid $1.65 


Hebrew Life and Thought 
By LOUISE S$. HOUGHTON 


Postpaid $1.65 
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UNIVERSITY OF. CHICAGO PRESS 


FOR CLASSROOM USE IN THE HISTORY OF EDUCATION 


The Theory of Education in the Republic of Plato 


By RICHARD LEWIS NETTLESHIP 
150 pages, small 8vo, paper; net 50 cents, postpaid 54 cents 


HROUGH this little volume is made accessible to American teachers and students a 
standard essay on the history of education, by a distinguished English scholar, the 

late Professor Nettleship. The original of this is difficult to obtain, and it is believed that 
a genuine need has thus been met. 


FOR CLASSES IN PHILOSOPHY 


Utilitarianism 
By JOHN STUART MILL 
102 pages, small 8vo, paper; net 50 cents, postpaid 53 cents 
EPRINTED from the ninth London edition. As the basic formulation of a signifi- 
cant Weltanschauung, this treatise is indispensable to classes in philosophy and. 
ethics. Its typographical appearance and low price have already commended it to instruc- 
tors in many colleges. 


Homeric Vocabularies: Greek and English Word-Lists for the Study of 
Homer 


By WILLIAM BISHOP OWEN, Associate Professor of Education in the Uni- 
versity of Chicago, and EDGAR JOHNSON GOODSPEED), Associate 
Professor of Biblical and Patristic Greek in the University of Chicago 


68 pages, small 8vo, paper; net 50 cents, postpaid 53 cents. 


A LIST of more than 1,800 words from the Iliad and the Odyssey, with their English 

equivalents, arranged according to word-classes in order of frequency of occurrence. 
These vocabularies, it is believed, will be of great benefit to the student by helping him 
to emancipate himself from his dependence upon the dictionary, rendering the reading of 
Homer both a pleasant and a profitable exercise. The general principle has been ably advo- 
cated by Professor Gonzales Lodge, of Columbia University, in The Nation for August 30. 


Manual of Style: Being a Compilation of the Typographical Rules in 
Force at the University of Chicago Press; to Which Are Appended 
Specimens of Types in Use 

132+80 pages, 12mo, paper; net 50 cents, postpaid 53 cents 

® gx of the most comprehensive works on typographical style ever published. Though 
primarily intended for local use, it is believed to possess elements of usefulness for 

wider circles. It is recommended to publishers, writers, proofreaders, printers, and others 

interested in typography. 
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One hundred and fifty volumes now ready 


Do your bookshelves lack some of the books which no library should be without? If 
so, would you not be glad to fill the gaps with volumes from a uniform edition so excellent 
in form, editing, type, paper, binding, and every other detail, that you would readily esti- 
mate the cost at half as much more? 


Everyman’s Library 


is such an edition. To the 150 volumes already available additions are being made at the 
rate of fifty voluwes every six months. Among the titles will be found not only those of, 
the books which every educated person knows intimately, but others hitherto unobtainable 
in moderate priced editions. 


Edited by Ernest Rhys 


with introductions to the separate volumes by such famous living writers as Andrew Lang 
G. K. Chesterson, Hilaire Belloc, Lord Avebury, Canon Beeching, A. C. Swinburne, Arthur 
Waugh, and others. 


The following list of specimen titles has been selected from the various departments: 


BIOGRAPHY. Boswell's Johnson, 2 Vols. Lockhart's 
Napoleon. Pepy's Diary, 2 Vols. Lockhart's Abridged lay's History of England, 3 Vols. 
Life of Scott. ORATORY, PHILOSOPHY AND THEOLOGY. Robert- 


CHILDREN’S BOOKS. Andersen's Fairy Tales. Frois- son (F.W.) 3 Volumes. Browne's Religio Medici, etc. 
sart's Chronicles. Hughes’ Tom A aoe School be. Books of the New Testament of our Lord and Savior 


HISTORY. Carlyle’s French Revolution, 2 Vols. Macau- 


Kingsley's Heroes. 
CLASSICAL. Marcus Aurelius’ Meditations. Plato's Re- 
public, Spens’ translation. 


ESSAYS AND BELLES LETTRES. Bacon's Essays. 
Coleridge's Biographia Literaria. Froude’s Essays in 
Literature and History. Lady Montagu's Letters. Rey- 
nold’s Discourses. 

FICTION. Scott's Ivanhoe. Edgar's Cressy and Poictiers. 
Kingsley's Westward Ho! Thackeray's Esmond. Aus- 
ten (lane) 5 Volumes. Balzac’s Wild Ass’s Skin. 
Reade’s (C. The Cloister and the Hearth. Trollope’s 
Barchester Towers. Borrow's Lavengro. 


Jesus Christ, arr. in the order in which they came to the 
Christians of the First Century. 


POETRY ANDDRAMA. Shakespeare's Comedies, Trag- 
edies, Histories and Poems, 3 Vols. Browning's Poems, 
2 Vols. Golden Book of Coleridge. Burns’ Poems and 
Songs. Palgrave’s Golden Treasury. 

ROMANCE. Le Morte d’Arthur, 2 Vols. Lady Guest's 
Mabinogion. 

SCIENCE. Huxley's Essays. 
Beagle. 

TRAVEL. 
the Nile. 


Darwin's Voyage of the 


Borrow’s Wild Wales. Speke's Source of 


One book at a time or as many as you wish 


COMPLETE LIST ON APPLICATION 


Send for sample copy selected from the above list. 
Sent postpaid. 


E. P. DUTTON & CO., 28 West 23d Street, New York 


or in crimson leather, full gilt, $1.00. 


Price 50 cents per volume in cloth, 
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Light Waves 
and Their Uses 


r. Wave Motion and Interference. 


By Albert A. Michelson 


5. Light Waves as Standards of Length. 


2. Comparison of the Efficiency ofthe Micro- 6. Analysis of the Action of Magnetism on 


scope, Telescope, and Interferometer. 


the Echelon. 


3. Application of Interference Methods to 
Measurements of Distances and Angles. 

4- Application of Interference Methods to Astronomy. 
Spectroscopy. 8. The Ether. 


With 108 text figures and three full-page lithographs. 


Light Waves by the Interferometer and 


7. Application of Interference Methods to 


Numerous practical applications of recent theories in optics together with accurate 
illustrations, and descriptions of apparatus add materially to the value of this book. 
Students of physics and astronomy will find here an admirable condensation of the some- 
what scattered literature of the subject, presented in an original and entertaining manner. 


Price $2.00 net; $2.13 postpaid. 


The University of Chicago Press 


Chicago and New York 


Physical Chemistry 


in the Service of the Sciences 


By Jacosus H. Van ’t Horr, Professor at the University of Berlin 


English version by ALEXANDER SMITH, Professor at the University of Chicago 


In Four Groups 


PHYSICAL 
CHEMISTRY 


as related to 


1. Pure Chem- 
istry 


2. Industrial 
Chemistry 


3- Physiology 
4- Geology 


Typical Reviews 


The eight lectures presented in this volume have already appeared 
in German and been noted in this Journal, 24, 1217 (tg02). The volume 
before us is an unusually elegant one, which makes a strong appeal to 
the booklover as well as the chemist. From the fact, probably, that the 
lectures were originally given in English, this version reads more smoothly 
than does the German, and the former possesses a charm which one does 
net find in the latter.— Fournal of the American Chemical Society. 


This is an extremely readable book, interest being sustained from 
first to last. The chapters on ‘* Physical Chemistry and Physiology” are 
particularly interesting, taking up the theories of solution, osmotic pres- 
sures, and the specific action of chemical ions in the physical metabolism, 
the second chapter taking up the subject of enzymes and their effect as 
catalytic agents tending toward chemical equilibrium. In the chapters 
on Geology, something of the chemistry of space is discussed, the forma- 
tion and structure of geological salts, and the influence of heat and varia- 
tions in temperature upon crystallization, The book will commend itself 
particularly to teachers and advanced students.— The Technical World, 


Of Interest to 


Instructors in 
Chemistry 


Analytical 
Chemists 


Manufacturing 
Chemists 


Instructors in 
Physiology 


Physicians 
Geologists 


The Anibersity of Chicago Bress 


CHICAGO 
156 Fifth Avenue NEW YORK 
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NEW YORK - 


GOOD BOOKS FOR THOUGHTFUL PEOPLE 


An American Commentary on the 
Old Testament 


PROVERBS. By Professor George R. Berry. 


SONG OF SONGS. By President George E. Merrill. 
8vo. Paper. Price, 75 cents net; postpaid, 81 cents. 


LEVITICUS and NUMBERS. By George F. Genung, D.D. 
Price, $2.00 


JOB. By Principal J. T. Marshall, Manchester Baptist College. 
8vo, 131 pp., in paper covers. Price, 75 cents net. 
ECCLESIASTES. 


8v0, 40 pp., in paper covers. Price 25 cents net. 


Life and Light 


Commentary on the Gospel 
Thoughts from the writings of George 
Dana Boardman. With 


of Mark 
Memorabilia By Dr. Joun A. Broapus 
Price. $1.00 net; postpaid, $1.11 


8vo, 144 pages 
Price, 90 cents net; postpaid, 99 cents 


The Masculine in 


set The Higher Criticism 
Religion Cross-examined 
By Cart De Los Case, PH.D. By Frep D. Storey 
Price, 50 cts. net; postpaid, 56 cts. 16mo 
Price, $1. id, $x. 
For the Work of the 
Ministry Odds and Ends From 
By T. Harwoop Pattison, D.D. Pagoda Land 
Elaborated by his son, Harold Pattison 
Price, $2.00 


By W. C. Grices, M.D. 
Price, $1.00 ; postpaid, $1.09 


Christianity in Modern 


Hebrews, James, and 
J — I. and II. Peter 
By ERNEST W, CLEMENT, 
Principal Duncan Baptist Academy, 
Tokio, Japan. 


By O. P. Eacues, D.D. 
Illustrated Clark’s People’s Commentary 
Price, $1.00 net; postpaid, $1.12 


Price, $1.25 


AMERICAN BAPTIST PUBLICATION SOCIETY 


1630 CHESTNUT STREET, PHILADELPHIA 
BOSTON - CHICAGO - ST. LOUIS 


- DALLAS - ATLANTA 
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PUBLICATIONS IN THE 


PHYSICAL 


SCIENCES 


Astronomy and Astrophysics 


The Study of Stellar Evolution: A Popular 
Account of Modern Methods of Astrophysical 
Research. By GeorGE E. HALE. 8vo, cloth. 
[In preparation. | 


Tells how the origin, development, and decay of celestial 
bodies are studied in a modern observatory. The explana- 
tions of instruments and methods are accompanied by illus- 
trations, and the most recent photographs obtained with the 
telescopes of the Yerkes Observatory are reproduced in a 
series of plates. 

General Catalogue of Double Stars. By SHER- 
BURNE W. BURNHAM. With illustrations. 
xxxii-+296 pp., 4to, cloth; net, $4.00; post- 
paid, $4.32. 


Measures of Double Stars Made with the Forty- 
Inch Refractor of the Yerkes Observatory in 
1900 and 1901. By SHERBURNE W. BurRn- 
HAM. 76 pp., 4to, paper; net, $1.00; post- 
paid, $1.05. 

Micrometrical Observations of Eros Made with 
the Forty-Inch Refractor of the Yerkes Ob- 
servatory during the Opposition of 1900 
and 1901. By EDWARDE. BARNARD. 40pp., 
4to, paper; net, 50 cents; postpaid, 53 cents. 


Astronomical Photography with the Forty- 
Inch Refractor and the Two-Foot Reflector 
of the Yerkes Observatory. By GrorGcr 
W. RITCHEY. With 29 plates. 12 pp., 4to, 
paper; net, 75 cents; postpaid, 80 cents. 
**Die Bilder der Nebelflecke gewahren einen Ausserst 

plastischen Eindruck,”’— Technische Literatur. 

Radial Velocities of Twenty Stars Having 
Spectra of the Orion Type. By Epwin Bb. 
FROST AND WALTER S. ADAMS. With 3 
plates. 108 pp., 4to, paper; net, $3.50; post- 
paid, $1.59. 

On the Spectra of Stars of Secchi’s Fourth 
Type. By Georce E. HALE, FERDINAND 
ELLERMAN, and JOHN A. PARKHURST. With 
Il plates. 136 pp., 4to, paper; net, $2.00; 
postpaid, $2.11. 

The Rumford Spectroheliograph of the Yerkes 
Observatory. By Grorce E. HALE and 
FERDINAND ELLERMAN. With 26 plates. 
18 pp., 4to, paper; net, 75 cents; postpaid, 81 


cents. 
Geology 


Quantitative Classification of Igneous Rocks. 
By WHITMAN Cross, JOSEPH IDDINGs, LouIs 
V.Pirsson, and HENRY S. WASHINGTON. 286 
pp., 8vo, cloth; net, $1.75; postpaid, $1.91. 
“The publication of this work by four of the leading 

petrographers of America marks a distinct epoch in the 

study of igneous rocks and the handling of chemical analyses 
in petrographic investigations.”"—American Chemical 


** An important work,” — Journal of American Chem- 
tcal Society, 


Glacial Studies in Greenland. By THomas C. 
CHAMBERLIN. 8vo, cloth. [In preparation.] 


Physics and Chemistry 


Light Waves and Their Uses. By ALBERT 
A. MICHELSON. With 108 drawings and 3 
colored plates. 174 pp., 8vo, cloth; net, $2.00; 
postpaid, $2.13. 


**The presentation is so skilfylly managed that the book 
can scarcely fail to hold the interest of the general reader, 
while at the same time physicists and astronomers wil! find 
in it much valuable information.”’-—A merican Journal of 
Sctence, 


A Laboratory Outline of General Chemistry. 
By ALEXANDER SMITH. Illustrated. Revised, 
xii+108 pp., interleaved. 12mo, cloth; net, 
75 cents; postpaid, 83 cents. 


Physical Chemistry in the Service of the 
Sciences. By JAcopus H. vAN ‘rt Horr. 
Translated by ALEXANDER SMITH. With 
illustrations. xviii+126 pp., 8vo, cloth; net, 
$1.50; postpaid, $1.62. 

‘* The volume is an unusually elegant one, which makes 


a strong appeal to the book-lover as well as to the chemist.’”’ 
—Journal of American Chemical Soctety. 


** Lucid, terse, concentrated,” —Knowledge and Scten- 
tific News (London), 


“Die Uebersetzung ist ausgezeichnet.”— Zeztschrift 
fiir physthkalische Chemie. 


The Role of Diffusion and Osmotic Pressure in 
Plants. By Burton E.Livincston. xiv+ 
150 pp., 8vo, cloth; net, $1.50; postpaid, 
$1.62. 

** An excellent and much-needed general treatment of the 
diffusion and osmotic pressure in plants. The treatment of 
the whole subject is clear and concise, and forms an admi- 
rable addition to the literature of physiological botany. It 


will be found indispensable to al] students along these 
lines.””— Plant World. 


A Laboratory Guide in Bacteriology. By 
PauL G. HEINEMANN. vii-++ 143 pp., 12mo, 
cloth; net, $1.50; postpaid, $1.67. 


A Laboratory Outline of Physiological Chem- 
istry. By RALPH W. WEBSTER and WALDE- 
MAR KocH. viii+107 pp., 8vo, cloth; net, 
$1.50; postpaid, $1.68. 


Reprints from the Publications of the Alem- 
bic Club. The University of Chicago Press 
is the sole American agent for these publica- 
tions. The complete series is carried in 
stock. 
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NEW GIFT BOOKS 


Hiawatha 


Longfellow's great epic of aboriginal 
| arrison Fisher's illustrations meet 


—— the pictorial needs of this most 

utiful and romantic poem. 

a There are more than sixty pictures in 

— the book; many of them in color. 

Delicate tinted decorations designed 

by Earl Stetson Crawford blend and 

bind the whole and help to make it the 

most elaborate Gift Book of the Year. 


Size seven by ten inches 
In a box $3.00, postpaid 


American life needs no words of praise 


The Legend of 
Sleepy Hollow 


With pictures by 
ARTHUR I. KELLER 


This sparkling gem of humor has 
been the ambition and the despair of 
illustrators for many, many years. 

Now for the first time pictures have 
been made that will thoroughly delight 
the many lovers of this classic. 

- Mr. Keller has done them much as 

Washington Irving himself would have, 

mCP if he had been the artist with the brush 
that he was with the pen. The most 
sumptuous gift book of the season. 


Size seven by nine inches 
In a box $2.00, postpaid 


BOBBS-MERRILL COMPANY pusBLiSHERS INDIANAPOLIS 
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THIS PICTURE FROM 


THE NEW RILEY BOOK 


While The Heart 
Beats Young 


Mr. Riley has selected for this book the very cream of his 


poems about children. 


The foremost child artist of the country 


has illustrated them with great fullness and has caught the spirit 


of the verse in a wonderful way. 


Sixteen full page illustrations in four: colors, more than 
twenty-five smaller pictures in two colors. 


Illustrated by ETHEL FRANKLIN BETTS 


Size 8x10 inches. 


In a-box, $2.50, Postpaid. ~ 


James Whitcomb Riley’s Other Volumes 


Neghborly Poems 

Sketches in Prose 

Afterwhiles 

Pipes o’ Pan at Zekesbury 

Rhymes of Childhood 

The Flying Islands of the Night 

Green Fields and Running Brooks 

Armazindy 

A Child World 

Home-Folks 

His Pa’s Romance 
The above, bound in red cloth, 

12mo, each $1.25, postpaid. 

Riley Poems in Sets — Greenfield 
Edition. Revised and improved, 
1905. Sold only in sets. The 
above eleven ttles, uniformly 
bound in sage - green = 
12mo, uncut, in oak 
$13.50; in half-calf, $27.00. 

Old Fashioned Roses 
Printed on hand-made Paper, 
and bound in blue and w 
cloth, 16mo, $1.75, 


The Golden Year 
lections for the year round, 
uniform with “Old Fashioned 
Roses.” 16mo, $1.75, postpaid. 
A Defective Santa Claus 
A Christmas poem. _ Illustrated 
by Will Vawter and C. M. 
Relyea. Net, $1.00. Post 10c. 
Riley Child-Rhymes 
With Hoosier pictures by Will 
Vawter. 
Riley Love-Lyrics 
Illustrated with over studies 
from life by William B. Dyer. 
Riley Farm-Rhymes 
With country pictures by Will 
Vawter. 
Riley Seng o’ Cheer 
Poems of gladness, content, and 
consolation. Pictures by Vawter. 
The above four volumes, green 
cloth, 12mo, each, id $1.25, 
or the set in a box $5.00 postpaid. 


THE RILEY BOOKS 
; 
THE BOBBS-MERRILL COMPANY pus.isHers INDIANAPOLIS 


THE BEST FICTION 


MACGRATH’S LATEST 


Half a Rogue 
By the Author ot 
on the Box 
Harold MacGrath’s new novel is as brisk as a 
horseback ride on a glorious morning. It is as varied 
as an April day. It is as charming as two most 
charming can make it. Love and honor and 
success and all the great things worth fighting for and 
living for are involved in Warrington’s Choice. 
Illustrated by HARRISON FISHER 
12mo, Cloth, $1.50 postpaid 


EARLE ASHLEY WALCOTT’S 


Blindfolded 

The triumph of whatever is entertaining in 
adventure, the acme of whatever is wage ox in 
mystery, the superlative of whatever is delightful 
in romance, and the most thrilling, exciting story that 
has appeared in a decade. 

Eight Pictures by ALICE BARBER STEPHENS 

12mo, $1.50 postpaid From * HALF A ROGUE * 

GERALDINE BONNER’S 


Rich Men’s Children 


Here is a book that is bathed in warm human emotion; a 


book strong and sweeping, large and sure, unconventional 
\, and frank. Illustrated by Relyea. Cloth, $1.50 postpaid. 


_ BERT LESTON TAYLOR'S 


The Charlatans 
A book that bubbles over with Mr. Taylor's merry spirit. 
His heroine learns much more than music in the great 
Metropolitan Conservatory where she studies—friendship, 
struggle and happy love,—and the reader closes the pleasant 
pages happy in her happiness. | 2mo, Cloth $1.50 postpaid. 


From "THE CHARLATANS." 
ZONA GALE’S 


Romance Island 
Two charming love affairs, thrilling perils, pervasive humor, 
most unusual scenes, a vein of piquant sentiment, a style of 
grace unmatched, unite to make of "Romance Island" a 
golden land in fiction. Pictures in color by H. C. Wall. 
12mo, cloth, $1.50 postpaid 
» ALICE AMES WINTER’S 
Jewel Weed 
A buoyant high-spirited story of the Great Northwest; 
cheerful and cleverly onginal; marked by fine dramatic sense 
im and insight. Atttractively illustrated by Harrison Fisher. 


Cloth, 12mo, $1.50 postpaid 
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ELIZABETH MILLER’S 


Saul of Tarsus] 


The same splendid imagination 
which reconstructed the Age of the 
Pharaohs and revivified the glory of 

in the author's suc é 
book THE YOKE here plays with Mi “a 
lambent ‘flame about the great 


Roman world in the years 
succeeding the 


The scenes are laid in Jerusalem, 
Alexandria, Rome and Damascus. | 
Wonderful descriptions, heart 
stirring incidents, deep emotions, 
high thought and a love Story of — 
the purest and nobles type mark | 
this .most remarkable religious 
romance. 
Striking illustrations by André Castaigne 
}2mo, cloth, $1.50, postpaid 


The Yoke 


- - A romance of the deliverance of the Children of 
Captain Lettarblair from the bondage of Egypt. The interest centr 
out in the utiful an Egyptian 
The first printed version of the famous play, which noble and a fair maid of Israel. By 
E. H. Sothern and Virginia Harned produced with 
such success. Illustrations with photographs of the 
Sothern production. 12mo, cloth, $1.50, postpaid. 


“SAUL OF TARSUS* 


From 


The Song of the peor 


romance in prose of the cardinal’s 
honeymoon. Illustrated b 
By Gene Stratton 


Seymour-Riley Panels 
Six poems by James Whitcomb 
Riley, hand-lettered and decorated by 
Ralph Fletcher Seymour. The six 
beautiful poems to which Mr. 
Seymour has given such delightful 
setting are: As Coonted: Ike Walton's 
Prayer; God Bless Us Every One; 
The Prayer Perfect; Wet Weather 

Talk, and — the Rod. 
Printed as in several colors on ag 


ize, 7 x 10; 
The six-in box, $1.50, 


THE BOBBS-MERRILL COMPANY rustisuers INDIANAPOLIS 


NT SUCCESSFUL BOOKS 4 
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on tHe SCHOOL ES: 
\ 
‘of commenta- 
ries on the International 
| Sunday-School Lessons 
ever written. It contains ae 
all that the Bible student 
and teacher want to know. 
Really indispensable. Illustrated 
Large 12mo, cloth, 
$1.25, postpaid. 
JAS ~<a ¥ 


From IN CLIVE'S COMMAND 


HERBERT STRANG’S 


In Clive’s 


Here is a fresh, strong, exciting 
story: for every boy who loves a 
manly hero and th glamour of 
great events. The author has been 
called the new Henty. 

It is the tale of the daring and 
ingenious exploits of Desmond 
Burke, a plucky English” lad who 
followed Clive to victory in India. 


With spirited illustrations by W. RAINEY. 
12mo, cloth, $1.50, postpaid 


By HALLIE ERMINIE RIVES 

Tales from Dickens 
or espeare. From atu 
praise have come for the pe 
of her 


Sixteen delightful ill Reginald B. Birch. 
postpaid. 


By CORNELIA BAKER 


The Court Jester 
A fascinating story of two high-bred little ladies or 
the sixteenth century; real children with dolls and pets 
and a knack of getting and other people 
into amusing trouble: 
With thirty illustrations. 


Large |2mo, cloth, $1.25, postpaid. 


By RAYMOND M. ALDEN 


Knights‘ of the Silver Shield 


Under this charming title are grouped stories for 
children—fairy istorical stories, nature stories. 
—all invested with de delight and grace 
Twelve in color. 
Cloth, quarto, $ 


By CORNELIA BAKER 


Young People in Old Places 
eir 


Full page pictures from photogra 
Lange dicks; 125, 


By EMERSON HOUGH 


An original, rattling, rollicking story, with every 


quality that pleases children. 


It is all about 


Zuzu and Lulu, twins, one adomed with hair 

of malazite blue and the other with locks of 

corazine green. Their adventures in the 

Island of Gee Whiz are so funny, so very 

extraordinary, so unexpected that they 

captivate with their gaiety and _ interest.) 
|With Lyrics by W. D. NESBIT, Illustrated in’ colors 


Quarto, cloth, $1.25, postpaid 


From "THE KING OF GEE WHIZ." 


Ay BOOKS FOR YOUNG FOLKS 
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BOOKS FOR CHILDREN 


CURTIS DUNHAMand 
GEORGE F. KERR'S 


». A pleasant fantasy for children based on the 
S\ Ss fascinating legend of the Flying Dutchman. 

In “The Golden Goblin” is that perfect 
ij combination of mirth and wonder, fun and 
adventure, nonsense, rhymes and pretty pictures 
which makes the. ideal juvenile. Printed in 


color throughout. Quarto, $].25, postpaid. 


The Famous Doll Books 


By Josephine Scribner Gates 


The Story of Live Dolls 
More About Live Dolls — 
The Story of the Lost Doll 
The Story of the Three Dolls er i ae 
The Live Doll's House Party 
Little Red, White and Blue 

All illustrated profusely by VIRGINIA KEEP 


Quarto, bound in cloth, $1.25 each, postpaid 


Books by L. Frank Baum 


The Wizard of Oz ' 
Printed on tinted paper and lavishly illustrated by W. W. Denslow. 
The Life and Adventures of Santa Claus 
Profusely illustrated in colors by Mary Cowles Clark. 
Mother Goose in Prose 
The Magical Monarch of Mo 
The Enchanted Island of Yew 
Dot and Tot of Merryland 
The above uniform with "The Wizard of Oz." 
Father Goose: His Book 


Each of the above, bound in cloth, 8vo, $1.25, postpaid Kg 


. 


= 


THE BOBBS-MERRILL COMPANY PUBLISHERS IND 


4 
| 
‘f 
. 


Reveries of a 


Bachelor 


Mr. Ashe has first given to 
Ik Marvel's airy fancies and 
delicious dreams a form in 
pictures as fair and graceful 
as their form in words. 

This charming gift book is 
printed with tinted decorations 
of great delicacy on eve 
page. There are sixteen f 
page illustrations in brilliant 
f color and many pictures in 


the text beside. 
Sixteen Pictures in color by E. M. ASHE 
™ Px Tall 12mo, cloth, in a box, $2.00, postpaid. Drawn by E. M. ASHE 


HAROLD MacGRATH'S 


Hearts and Masks 


simply delicious detective story."—BosToNn 
ingenious t and cheerful." — New York HERALD, 
4 a most "_PHILADELPHIA TELEGRAPH, 
Illustrated in photogravure by Harrison Fisher. Cloth, $1.50, postpaid. 


DAVID GRAHAM PHILLIPS'S 


The Social Secretary 


"A clean in which clever people in act and conversation 
furnish rare Boston HERALD. * The Social 
Secretary is a success with a big S..—New York PREsS. Pictures 
in photogravure by C. F. Underwood. Cloth, $1.50, postpaid. 


MOLLY ELLIOT SEAWELL’S 


The Loves of the 
Lady Arabella 


The tale of a great heiress in the days of 
George the Third. Bnght with wit and the 
flashing of blades, and as full of alluring 
vanity as Arabella’s own lovely countenance. 
A brave romance of true love. 
With twelve pictures in color by C. F. UNDERWOOD 
Drawn by C. F. UNDERWOOD. 12mo, Cloth, $1.50, postpaid. 
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CHRISTY BOOKS 
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The 


av 
Girl 


‘, A book containing many 
pictures in full color by 


Sy 
4 

of the woman beautiful in 
| her endless variety and 
charm. Accompanied by 
appropriate text in verse. 
mprising exquisite examples of 


Howard Chandler Christy 


the most striking types in the wide range 
of the artist's dazzling genius and 
dedicated to Mrs. Christy. 

In the decorations, which appear on 
every page, Earl Stetson Crawford has 


Printed in color. 7x1Qinches. Boxed, $3.00 net. Post 18 cts. 


interpreted the spirit 
of the whole with 


great sympathy. 


All bookstores have a combination offer on this book by which they sell it at less than half price. 


OTHER CHRISTY BOOKS 


Out to Old Aunt Mary’s 
Uniform with the Christy-Riley book, “An Old 
Sweetheart of Mine.” This is the first publication of 
the complete version of this favorite poem, comprising 
twenty stanzas. Fourteen of these have never before 
r printed. Printed in colors throughout. 
Cloth, boxed, $2.00, postpaid. 


Evangeline 


By Henry Wadsworth Longfellow. A 
book uniform with “The Courtship of Miles 
Standish.” Over forty full- 
many in color by Howard Chandler Christy. 
Decorations by Earl Stetson Crawford. 
Cloth, in a box, $3.00, postpaid. 


An Old Sweetheart of Mine 

The famous Christy-Riley Book with nineteen 
full-page illustrations in color by Howard Chandler 
Christy. Mr. Riley's complete reading version of this 
famous poem was published in this sumptuous 
form. It continues unceasingly to enjoy the popularity 
that met its first appearance. 

Bound in clot boxed, $2.00, postpaid. 


Courtship of Miles Standish 


The famous Christy-Longfellow Book. 
With forty-two full-page illustrations, many 
of them incolor, by Howard Chandler Christy. 
Decorations by Ralph Fletcher Seymour and 
Earl Stetson Crawford. 

Octavo, cloth, in a box, $3.00, postpaid. 
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The Best 
TONIC 


For the restoration of energy and 
vitality ; the relief of mental and 
nervous exhaustion, impaired 
digestion or appetite, there is no 
remedy so beneficial as 


HORSFORD’S 
Acid Phosphate 


(Non-Alcoholic. 


It is a scientific and carefully 
prepared preparation of the phos- 
phates that provides the tonic and 
nerve food needed to improve the 
general health. 

If your druggist can’t supply you, send 25 


cents to RumForp CHEMICAL WorkKS, Provi- 
dence, R.1., for sample bottle, postage "paid. 


The STANDARD BRAND 
in the UNITED STATES 


They are the best Steel Pen that can be made. 
Each pen is carefully examined before packing. 
Their reputation has been national since 1860. 
Twelve samples (different patterns) sent 


postpaid on receipt of six cents in stamps. 


SPENCERIAN PEN CO. 


349 BROADWAY, NEW YORK. 


MENNENS 


BORATED TALCUM 


TOILE POWDER 


Any Child 

who has enjoyed the benefit of 
Mennen’s Borated Talcum Tol- 
let Powder daily since birth is 
free from the painful chappin 


and chafing which comes wit 
winter weather. 


Mennen’s 


soothes and heals.and if used dai- 
ly,enables the most tender skin to 
resist the ill effects of changing 
conditions of weather. 

Put upin non-refillable boxes, 
for your protection. If Mennen’s 
face is on the cover, it’s genuine, 
that’s a quagamtes of purity. 
Delightful after shaving. Sold 
everywhere, or by mail 25 cents. 

Sample Free. 
aya Mennen Co., Newark, N. J. 
Mennen’sViolet( Borated) 
cum Powder. It has 
ae of fresh cut Violets. 


Intending purchasers 
of a strictly first- 
class Piano 
should 


not fail 


toexam- 
ine the 
merits 
of 
THE WORLD RENOWNED 


It is the special favorite of the refined and 
cultured musical public on account of its unsur- 
passed tone-quality, unequaled durability, ele- 
gance of design and finish. Catalogue mailed 
on application. 


SURPASSES ALL OTHER 
Favorable Terms to “COMP, Sparties 


SOHMER&EC MPANY 


Warerooms Cor. 5th Ave., 22d St. 
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Those Who Love Music 


The ANGELUS 


= When we say that with the ANGELUS, only a lobe 
of music is necessary for your full enjoyment of all music, we mean 
just that—all limitations to a complete indulgence of your love for 
music end with possession of the Great ANGELUS. 

To you, musician or non-musician, we Say your limitations end— 
because your fingers, whether trained or untrained, are supplied 
with every adequate means of rendering all music. 

The PHRASING LEVER gives you complete mastery of every delicate 
shading oftempo. The DIAPHRAGM PNEUMATICS endow you with the “ Human 
Touch” of the ANGELUS. The MELODY BUTTONS, which with the Phrasing 
Lever are exclusive with the ANGELUS, enable you to accentuate the melody 
in bass or treble, the same as in hand-playing. These three features, indispens- 
able to a musically correct performance, originated with us and are reserved, by 
the patent laws, for exclusive installation in the ANGELUS. 


Logically the ANGELUS is the piano-player entitled to receive first consideration by every 
intending purchaser. The ANGELUS is made either in cabinet form or installed within the 
case of a high-grade piano, making the Emerson-Angelus or the Knabe-Angelus. 


Purchased by Royalty and the World’s Greatest Musicians. Descriptive literature upon request. 


Established 1876. THE WILCOX & WHITE CO., MERIDEN, CONN. 
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CRAND PRIZE 


(the highest honar) 


AWARDED TO 


ESTERBROOKS 
Steel Pens 


AT THE 


St. Louis Exposition 


A, W, FABER 


SUPERIOR LEAD AND COLORED 
RULERS 


PENCILS 


STATIONERS 


RUBBER 


44-60 E. 23d. St., New York, N. Y. 


Studies in 
Ancient Furniture 


Couches and Beds of the 
Greeks, Etruscans and Romans 


By CAROLINE L. RANSOM 


Fellow #1 the History of Art 
tn the University of Chicago 


HIS BOOK is to be commended 
not only to classical scholars, but 

to all persons interested in the history 
or designing of furniture. It is issued 
in handsome quarto form, with large, 
clear type, heavy paper, wide margins, 
a buckram cover of rich dark blue 
stamped in gold, and is illustrated 
with a lithographed frontispiece, 29 
full-page platts, and 60 text figures 


$4.50 net, postpaid $4.75 


PUBLISHED BY 


The University of Chicago Press 


CHICAGO and 156 Fifth Ave. NEW YORK 


CHICAGO 


HOT SPRINGS, ARK., 
SAN ANTONIO, TEX., 


AND THE 


CITY OF MEXICO 
WITHOUT CHANGE OF CARS 


VIA THE 


WABASH 


WRITE FOR HANDSOMELY ILLUSTRATED 
LITERATURE GIVING COMPLETE DETAILS 


F. TRISTRAM 


ASSISTANT GENERAL PASSENGER AGENT 
97 ADAMS ST., CHICAGO 
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A MANUAL OF THE RAIL- 
ROAD BUSINESS 


A noticeable gap in business literature has 
just been filled by the appearance of 


RAILWAY ORGANIZATION AND WORKING 


LECTURES BY PROMINENT RAILWAY MEN : 
Edited by 
ERNEST R. DEWSNUP 


HIS volume is a compilation of special lectures delivered before the 
University classes in railway transportation during the period extend- 
ing from November, 1904, to May, 1906. It may be said in explanation 
that the University of Chicago, during the past two years, has undertaken, in 
association with a number of railways, the training of railway employees 
with the object of increasing their professional efficiency. To this end, 
courses have been conducted in a number of subjects bearing upon the 
traffic, auditing, operating, and other sides of the American railway. 

One feature of these courses has been the practical co-operation of rail- 
way Officials in the form of special lectures. A large number of applications 
having been received for printed copies of these lectures, as many of them 
as practicable have been collected into the present volume. 

The numerous aspects of the railway service which it treats, the plain and 
nontechnical way in which every subject is handled, the fact that more than 
a score of railway experts of the highest reputation have collaborated in its 
production, all combine to make the book indispensable to the ambitious 
young “railroader”’ who desires to make sure his rise in the service by estab- 
lishing it upon as broad a foundation of knowledge as possible. 

It is also to be hoped that the book, and others ofits kind that may follow, 
will have a stimulating effect upon the teaching of railway economics in our 
universities. The study of this volume ought certainly to give the student 
of railway economics a more vivid appreciation of the organization he studies. 


510 PAGES; SMALL 8VO, CLOTH; NET $2.00 
POSTPAID $2.15 


The UNIVERSITY of CHICAGO PRESS 


CHICAGO . AND NEW YORK 
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The Season for giving 
THE 
FOUNTAIN PEN 
and nothing would be more a 
able and lastingly appreciated by 
a lady or gentleman. There is no 
uncertainty about the recipient 
gettihg unending satisfaction from 
a Wirt Fountain Pen as it is 
ALWAYS READY—ALWAYS 


WRITES. Best by test of a 
quarter of a century. 


BEAUTIFUL PENS IN 
SILVER AND GOLD 


as well as plainer ones for all 

rses. Made in 100 styles to 
suit all, Sold by best dealers 
everywhere. Send for illus- 
trated catalogue and price list. 
Box G-1r — BLOOMSBURG, PA. 


now on the 
all that most typewriter users 
ask to know. They know that a 
new Remington model means and 
always has meant a new standard 


of type Writer efficiency. 


New escapement, new variable line spacer, 
and other vital improvements insure better 
work and more of it on these new Reming- 
tons than any typewriter has ever done before. 


Remington Typewriter Go., 
New York or Anywhere 


Only direct All-Water Route between 
NEW YORH, BOSTON, and 


CHARLESTON, S. C., JACHSONVILLE, FLA. 
St. Johns River Service between Jacksonville, Palatka, De Land, Sanford, Enterprise, 


Fla., and Intermediate Landings. 


The ‘Clyde Line’’ is the favorite route between New York, Boston, Philadelphia, and 
Eastern Points, and Charleston, S. C., and Jacksonville, Fla., making direct connection for all 


points South and Southwest. 


FAST MODERN STEAMSHIPS AND SUPERIOR SERVICE 


THEO. G. EGER, V.P. & G. M. 


GENERAL OFFICES, PIER 36, NO. RIVER NEW YORK 
BRANCH OFFICES, 290 BROADWAY, NEW YORK 
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Differs from the ordinary 
dentifrice in minimizing 
the causes of decay. En- 
dorsed by thousands of 
Dentists. It is deliciously 
flavored, and a delightful adjunct to the den- 
tal toilet. In convenient tubes. For sale at 
drug stores, 25c. per tube. 
AVOID SUBSTITUTES 


DENTACURA COMPANY, 


Newark, N. U. Ss. A. 


_— MOST POPULAR RAILWAY 


CHIGAGO PEORIA, 


ST.LOUIS“*KANSAS 


THROUGH PULLMAN SERVICE 
BETWEEN CHICAGO AND 


R.Colo, 
TEXAS. FLORIDA. UTAH, 


CONTEMPLATING A TRIP, ANY POR- 
TION OF WHICH CAN BE MADE OVER THE CHICAGO 
# ALTON, IT WILL PAY YOU TO WRITE TO THE UNDER- 
SIGNED FOR KATES, MAPS, TIME-TABLES, ETC. 


Gro. J. CHARLTON, 
GENERAL PASSENGER AGENT, 
Curcaeo, 


MAGAZINES 


PUBLISHED BY 


THE UNIVERSITY OF CHICAGO PRESS 


THE BIBLICAL WORLD 


Ernest D, Burton, Editor-in-Chief. A popular illustrated 
monthly magazine. Subscription price, $2.00 a year ; single 
copies, 25 cents. Foreign postage, 75 cents. 

THE SCHOOL REVIEW 


Published monthly, except in July and August. Subscription 
price, $1.50 a year; single copies, 20 cents, Foreign 
postage, so cents. 

THE ELEMENTARY SCHOOL TEACHER 


Edited by W. S. JACKMAN, and Bertua Payne. Published 
monthly, except in July and August, Subscription price, 
$1.50 a year; single copies, 20 cents. Foreign postage, 50 
cents. 


THE BOTANICAL GAZETTE 


Edited Joun M. Courter, and R. BARNES. 
Published monthly, with illustrations. Subscription price, 
$5.00 ayear; single copies, 50 cents. Foreign postage, 
75 cents. 


THE AMERICAN JOURNAL OF SOCIOLOGY 


Edited by Arsion W. Published bi-monthly, with 
illustrations. Subscription price, $2.00 a year; single cop- 
ies, so cents. Foreign postage, 50 cents. 


THE JOURNAL OF GEOLOGY 


Edited by T. C. CoamBeruin. Published semi-quarterly, with 
illustrations. Subscription price; $3.00 a year; single 
copies, socents. Foreign postage, 75 cents. 


THE ASTROPHYSICAL JOURNAL 

denn, $4.00 a year; 
socents. Foreign postage, 75 cents, 


THE JOURNAL OF POLITICAL ECONOMY 

Edited by J. Laurence LaucHiin and Joun CumMINGs, 
Published monthly, except August and ember, Sub- 
scription price, $3.00 a year; single copies, 35 cents. 
Foreign postage, 50 cents. 


THE AMERICAN JOURNAL OF THEOLOGY 


Edited by the cee Faculty of the University of Chicago. 
Published _quarter Subscription price, $3.00 a year; 
single copies, $1.00. Foreign postage, so cents. 


THE AMERICAN JOURNAL OF SEMITIC 
LANGUAGES AND LITERATURES 
Edited by R. F. Harper. Published quarterly, Subscription 


price, $4.00 a year; single copies, $1.25. Foreign postage, 
25 cents, 


MODERN PHILOLOGY 

Editors: S. ALLEN, Managing Editor; I. 
CARPENTER, CAMILLO von KLENzE. Published quarterly. 
Subscription’ price, $3.00 a year; single copies, $1.00, 
Foreign postage, 50 cents. 


THE CLASSICAL JOURNAL 


ARTHUR FarRBANKs and Gorpon J. Lainc, Managing Edi- 
tors. Published eight times a year under the auspices of 
the Classical Association of the Middle West and South, 
Subscription price, $1.50 a year; single copies, 30c. For- 
eign postage, 25c. 


CLASSICAL PHILOLOGY 

Epwarp Capps, Managing Editor. Published quarterly. Sub- 
scription price, $2,50 a year; single copies, $1.00. For- 
eign postage, soc, 

THE UNIVERSITY RECORD 

Edited by the Recorder of the University, Published quarterly. 
Yearly subscription, $1.00; single copies 25 cents. 


SAMPLE COPIES FREE ON REQUEST. 


The University of Chicago Press 
CHICAGO, ILLINOIS 
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THE NAME : A New Bausch & Lomb 
School Microscope 


SPECIAL PRICES QUOTED TO SCHOOLS 


A most practical low- 
priced instrument for sec- 
ondary and _ high-school 
use. The new construc- 
tion of arm, with hand 
hold and fine adjustment, 
makes it especially dur- 
able for inexperienced pu- 
pils to use. 


This microscope has 
coarse and fine adjust- 
ments, 2 eye pieces, % 
and } objectives, double 
nose piece and iris dia- 
phragm im stage. This 
microscope should inter- 
est every teacher. It has 
so many new features that 


STANDS 
FOR EVERYTHING THAT IS 
GOOD ~ FRESH ~ PURE 
AND DELICIOUS 


IN CANDY, COCOA 


Sea cannot be told of here that 
. you should send for cir- 
BH4-MICROSCOPE cular. 
$29.50 


Ss4iez Bausch & Lomb Optical Co., 

= Rochester, N. Y. 
ON SALE AT OUR STORES New York Boston Washington Chicago 
AND SALES AGENTS EVERYWHERE. San Francisco Frankfurt a/MGermany 


VISIBLE 


A Record Never Egualled 


Perfect Visible Writing and the Durability of the 
Basket Type Machine 


Whether you are interested in the mechanical features of a typewriter or not, if you are buying typewriters 


you are most vitally concerned in two things. - 
First, your typewriter should write in sight, It’s reasonable that if you can see what you are doing, 


you can do more than when your work is hidden from view. 
© Second, your typewriter should be durable, so you will receive proper value for your money, 


Previous to the advent of The Fox Visible it was impossible to build a Visible Typewriter with the 

¢ The “basket ** machines, such as the old style Fox, the Remington, t mith-Pre- 
Here is the Reason mier, have hal aa ‘*assembling surface’ of eighteen inches in which to assemble their 

bar hangers. This allowed the use of a wide hanger and accounts for the recognized durability of such machines, In 

building other visible typewriters than the Fox Visible this “‘assembling surface’ HAD TO BE SACRIFICED, and 
instead of eighteen inches such machines have four and one-half inches and a type bar hanger 35-rooo of an i wide. 


On the Fox Visible the Assembling Surface is 16 1-2 inches, and the Type Bar 

a 7-16 of aninch wide. This admits of adjustment and means durability. 

With a narrow type bar it is a mechanical impossibility to secure permanent 

alignment and durability. 

Just ordinary busi yd ds You investigate the Fox Visible before you buy. We make it easy for 
\ Office and Factory: 

FOX TYPEWRITER COMPANY “csv Front 8t., Grand Rapids, Mich, 

To 


Branch Offices and Agencies in Principal Cities 


| 
; 
{ 
ok 
+ 
AND CHOCOLATES. 
| 
if 
= 
== 
= = == 
= 
=== 
: 
= 
= 
=. 
= 
= — 
= 
> 


Put the 


Switch 


under your 
Pillow 


and turn the light high 
low or out without noise 
or reaching. The Long 
Distance HYLO is only 
one of many luxurious 
and current-saving de- 
vices of our make which 
mark the home of the 
elegant but careful 
housewife and the office 
of the successful but 
prudent business-man. 


Other HYLO lamps 
regulate 


BY ATWIST OF THE WRIST 
BY PULLING A CORD. 


“HOW TO READ YOUR METER” 


MAILED FREE 


IMPORTANT CAUTION 


When you buy of a dealer, 
look for the name HYLO in- 
side the glass bulb, so you 
can be sure the lamp will 
work right when you get it 
home, and avoid mistakes. 


26 CENT COUPON 


This coupon is worth 26 cents, 
The regular price of the Long 
Distance outfit, Lamp, Con- 
necting Cord and Switch, is 
$1.25. Send us this coupon 
and gg cents and we will send 
you prepaid a Long Distance 
HYLO. Turn Bulb 60 cents 
and Pull String 75 cents 
should be ordered for other 
rooms at the same time, 


PHELPS COMPANY 


1206 PARK PLACE 
DETROIT - MICH. 


i 
DETROIT, MICH. 
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A Mutritious Food;2rink for all Ages 


It's meat 
and drink 


For the Seven Ages 
is a delicious food-drink, 
very nutritious and digest- 
ible. It upbuilds the young, 
refreshes and sustains the 
aged, the brain workers, and 
invalids. More healthful than an 
tea, coffee, or cocoa, as it assists : 
digestion, nourishes and invigorates. 

Pure, rich milk, with the extractof 
choice malted grains, reduced to fe 
me 


powder form, soluble in water. 
Needs no cooking. A glass- ae 
ful, hot, upon retiring, 
brings refreshing sleep. 


In Lunch Tablet form, also, 
with chocolate. Samples 
free upon request. 
Ask for “HORLICK’S”; 
others are imitations. 
Horlick’s Malted Mitk Co. 
Racine, Wis., U. S. A. 


THEN THE 


THEN THE 
wives London, Montreal, USTICR PULL OF 
MORNING F race - Cana 


7m Last scene 


THAT ENDS THIS 
EVENTFUL HISTORY 


MO THEN THE 
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that Daus’ Tip-Top”’ 


TO PROVE 2:28:55 
—* and cheapest 


device for making 


1oo copies from Pen-written and 
50 copies from Typewritten original 


we are willing to send a complete DUPLICATOR Without deposit on 
ten days’ trial. 

No mechanism to get out of order, no washing, no press, no printer’s 
ink. The product of 23 years’ experience in DUPLICATORS. Price 
for complete apparatus, cap size (prints 83% in. by 13 in. ) $7.50, sub- 
ject to the trade discount of 33% per cent. ‘$s. oo net. 


FELIX P. B. DAUS DUPLICATOR COo., Daus Bidg., 111 John Street, New York 


What Is Daus Tip- Top? 


Through Pullman 
Service 
to Virginia 


Big Four C. & O. Route 
Leaves Chicago 1:00 p. m. daily. 
“ONLY ONE NIGHT OUT.” 
All Meals in Dining Cars 


All Big Four Trains stop at Illinois 
Central 63d St. Station, Chicago, 
within a few minutes’ walk of the 
University of Chicago. 


Only Railroad from Chicago and Peoria con- 
necting in same depot at Cincinnati with 
trains of the 


6. & 0.,0. &C., N., and B. & 0. S. W. Railways 


Chicago City Ticket Office 
238 Clark Street ’Phone Harrison 4620 
I. P. SPINING, General Northern Agent 


Post-Card 
Albums ¥ ¥ 


A_COMPLETE LINE 


CHICAGO POSTALS 
AND VIEWS 


Ss. D. CHILDS @CO. 


200 Clark Street .. Chicago 
9 


Important Scientific Works 


The Role of Diffusion and Osmotic Pres- 
sure in Plants ; 
By Burron E. LIVINGSTON. 164 pages; 
8vo, cloth; net $1.50, postpaid $1.62. 


Studies in General Physiology 
By Jacques Logs. Part I, 440 pages, Part 
II, 372 pages, both Parts, "8v0; net $7.50, 
postpaid $7.91. 

Light Waves and Their Uses 
By ALBERT A. MICHELSON. 174 pages; 8vo, 
cloth; net $2.00, postpaid $2.13. 

Physical Chemistry in the Service of the 
Sciences 
By Jacosus H. Van’r Horr, translated by 
Alexander Smith. 144 pages; 8vo, cloth, net 
$1.50, postpaid $1.62. 

Lectures on The History of the Develop- 
ment of Chemistry 
By A. LADENBURG, translated by Leonard 
Dobbin. 390 pages; 8vo, cloth; net $1.75, 
postpaid $1.87. 

The complete series of the Alembic Club Reprints 

is carried in stock 


The University of Chicago Press 


CHICAGO - - - NEW YORK 


Che University of Chicago Press 


Special printing facilities for academic work, 
including theses and reports of educational 
bodies and learned societies. 

Educational and scientific works printed in 
English, German, French, Latin, Greek, 
Hebrew, and other languages. 


Estimates furnished 


Ghe University of Chicago Press 
68TH ST. AND Ave., CHICAGO 


Duplicator, 
- 
alg 
| 
VIA THE FAMOUS ee | 
| | 
| 
= 
| 


OSTAL 


TYPEWRITER $95 


An ideal assistant to Teachers, Ministers, 
Authors and all Professional and 
Business Men. 


The only real typewriter at a low price. Is 
honest in service, material and workmanship. 
Combines universal keyboard, strong manifold- 
ing, mimeograph stencil cutting, visible writing, 
interchangeable type, and prints from ribbon. 


Imperfect alignment impossible—will stand 
hardest wear and is practically accident proof. 


Write for booklet and instalment plan. 
Liberal inducements to represent us locally. 


POSTAL TYPEWRITER COMPANY, Dept. 30 
Main Office and Factory, Norwalk, Conn. 


GENTLEMEN 


WHO DRESS FOR STYLE 
NEATNESS, AND COMFORT 
WEAR THE IMPROVED 


BOSTON 
GARTER 


THE RECOGNIZED STANDARD 
“MME The Name is 


= J 


CUSHION 
BUTTON 


CLASP 


LIES FLAT TO THE LEG—NEVER 
SLIPS, TEARS NOR UNFASTENS 


Sample pair, Silk 50c., Cotton 25c. 
Mailed on receipt of price. 


GEO. FROST CO., Makers 
Boston, Mass., U.S.A. 


ALWAYS EASY 


A History of 
Matrimonial 
Institutions 


By 


George Elliott Howard 


Professor of Institutional History in the 
University of Nebraska 


His work, based on the investigations of all ac- 
cessible literature, historical, scientific, and legal, 
touches upon every problem involved in marriage and 
divorce, and its optimistic conclusions are quite in har- 
mony with the true interpretation of evolutionary facts 
concerning the social development of mankind, It 
would be well if the extreme advocates of ‘‘divorce re- 
form’’ and the Mormonupnopiacs could give it careful 
perusal, For even the general public Professor How- 
ard’s volumes cannot fail to be both interesting and in- 
structive, for they deal attractively with the most hu- 
man of all institutions, and contain a mass of facts no- 
where else obtainable —7he Nation, 


THE THREE VOLUMES IN PAPER BOX, 
$10.00 net, postpaid $10.70. 
PUBLISHED BY 
THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO and NEW YORK 


If you wish something 
with a sharp point— 


Something that is always ready 
for business—select a 


DIXON 


American Graphite 


PENCIL 


If you are not familiar with Dixon’s, send 
16 cents in stamps for samples. You will 
not regret it. 


JOSEPH DIXON CRUCIBLE CO., 
JERSEY CITY NEW JERSEY 
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THE NEW 
NO. HAMMOND VISIBLE. 


Full of labor-saving devices, right up 

to the minute, including the Polychrome 
Ribbon writing in two colors. 

Received an order for 100 machines from the 
Educational Board of Chicago, for Chicago 
Public Schools. 

Faculty and Students of Yale University are 
using 164 Hammonds. 

Pennsylvania R. R. Co. have over 1,000 in use. 
More than 100,000 sold to others. 


HAMMOND TYPEWRITER 60. 


Factory and General Offices: 69th to 70th Streets and East River, N. Y. 
Sales Office: 212 Broadway, New York City. 
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WATER 


Strong Testimony from the University of 
Virginia. 
IN URIC ACID, DIATHESIS, GOUT, RHEUMATISM, 
LITHAEMIA and the Like, ITS ACTION IS 
PROMPT AND LASTING. 


Geo. Ben. Johnston, M.D., LL.D., Prof. Gynecology and Abdominal Surgery, Universit? 
of Virginia, Ex-Pres. Southern Surgical and Gynecological Assn., Ex-Pres. Virginia Medical 
Society and Surgeon Memorial Hospital, Richmond, Va.: ‘‘If I were asked what mineral water has 
the widest range of usefulness, In Uric Acid Diathesis, Gout, 
I would unhesitatingly answer, BUFFALO LITHIA WATER Rheumatism, Lithaemia, and 
the like, its beneficial effects are prompt and lasting. . . . . Almost any case of Pyelitis and 
Cystitis will be alleviated by it, and many cured. I have had evidence of the undoubted Disin- 
tegrating Solvent and Eliminating powers of this water in Renal Calculus, and have known its long 
continued use to permianently break up the gravel-forming habit.’’ 


“IT SHOULD BE RECOGNIZED AS AN ARTICLE OF MATERIA MEDICA.” 

James L. Cabell, M.D., A.M., LL.D., /ormer Prof. Physiology and Surgery in the Medical 
Depariment in the University of Virginia, §% in Uric Acid 
and Pres. of the National Board of Health: BUFFALO LITHIA WATER Diathesis is a 
well-known therapeutic resource. It should be recognized by the profession as an article of 
Materia Medica.’’ 

“NOTHING TO COMPARE WITH IT IN PREVENTING URIC ACID DEPOSITS IN THE BODY.” 
Dr. P. B. Barringer, ©#2irman of Faculty and Professor of Physiology, University of Vir- 
ginia, Charlotisville, Va.: ‘‘After twenty years’ practice I have no hesitancy in stating that for 


prompt results I have found in preventing Uric Acid Deposits 
nothing to compare with BUFFALO LITHIA WATER in the body. 
“I KNOW OF NO REMEDY COMPARABLE TO IT.” 


Wm. B. Towles, M.D., date Prof. of Anatomy and Materia Medica, University of Virgina: 


‘*In Uric Acid Diathesis, Gout, Rheumatism, Rheumatic Gout, Renal Calculi and Stone in the 
Bladder, I know of no Spring 


remedy comparable to BUFFALO LITHIA WATER No. 2. 
Voluminious medical testimony sent on request. For sale by the general drug and mineral 
water trade. 
" PROPRIETOR BUFFALO LITHIA SPRINGS, VIRGINIA. 
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is a perfect food, as 
wholesome as it is 
mdelicious— highly 

a ourishing, easily di- 


wasted strength, pre- 
serve health and pro- 


long life. 
Be sure that you get 
the genuine, bearing 


our trade-mark on 
every can. 


A HIGHEST AWARDS IN 
7 EUROPE and AMERICA 


Walter Baker & Co. Ltd. 


Established 1780 Dorchester, Mass. 


gested, fitted to repair ¢ 


4 In heating the Home a temperature of 65 to 68° F. 
with a humidity of 60% produces much more comfortable 
and healthful conditions than: when the temperature is 
higher and the air dry. : 
@ Where a furnace is used the water-box should be 
regularly filled and a little Platt's Chlorides added to it. 
Where steam heat, hot water radiators, Baltimore heat- 
ers, coal, oil, or gas stoves are used, a pan with some 
water containing a little Platt’s Chlorides should be 
kept over or under the heating-arrangement. 


Plat t's 
Chlorides 


The Odoriess 
Disintfectarte 


@ A colorless liquid; powerful, sefe, and economical. 
Instantly destroys foul odors and chemically neutralizes 
disease-breeding matter. Sold in quart bottles only, by 
druggists and high-class grocers. Prepared only by 
Henry B. Platt, New York and Montreal. {1 A Bro- 


* chure entitled “Health Economy,” by Dr. Kent, mailed 


free on addressing 
Desk U, 42 Cliff Street, New York. 12 
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easy? 


to make house-cleanin§, 
half play when all the 
hard dirty work, from 
sink cleaning to brass 
polishing isdone with 
a bowl of water, a so 
cloth,and a cake of 


CLEANS-SCOURS -POLISHES 


have been established over 55 YEARS. By our system of 


liver 


~ Write for Catalogue D and explanations. 
VOSB & SONS PIANO CO.,156 Boyiston St., Boston, Mass 


PIANOS 42 
a take 
deli aan plane is your 


expense, 
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